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On the most fundamental level •heart failure 
represeats the failure of the heart to supply adequate blood, 
and hence nutrients and oxygen, for the metabolic needs of the 
various tissues of the body. 

Since its introduction by william Withering in 
1785 * digitalis, along with diuretics has been the mainstay of 
therapy for congestive heart failure ( CEF) for over two centuries* 
Recent studies have, however, demonstrated that digoxLn could be 
discontinued in patients with stable heart failure and sinus 
rhythm without any long term adverse effects.lt has also been 
shown that long term digoxin therapy may be clinically 
beneficial only in patients with heart failure accompanied by 
atrial fibrillation, and when the failure has persisted despite 
diuretic treatment .Besides, digitalis is a toxic drug with a 
low therapeautic-* toxic ratio. The effects of digitalis therapy 
on the survival of patients with ischemic heart disease and 
its proarrhythmic effects have become a focus of concern. 
Whether the benefits of digoxin therapy in CHF outweigh its 
risks has become debatable. As such, the role of digoxin,ln cases 
of heart failure, has fallen into controversy.lt is also well 
known that digoxin and diuretics may not always suffice for 
cases of severe heart failure, and for acute forward failure. 

On the other hand, the role of afterload in 
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deteWining cardiac performance, neglected for quite long, has 
recieved attention la the recent years. Vasodilator therapy 
was introduced into the management of CHF about two decades 
ago.lt has now become a standard therapeautic approach for 
the treatment of CHF* more so when it has become refractory to 
the conventional mode of therapy employing the inotropic agent 
digitalis to augment the cardiac output, and the diuretics for 
preload reduction and relieving pulmonary congestion. Arteriolar 
dilators improve forward flow by reduction of systemic vascular 
rests tance,i.e. t afterload* thus increasing the stroke volume 
and cardiac output with their beneficial effects to follow. 

The venodilators reduce the preload, thus augmenting the cardiac 
output and relieving pulmonary congestion. 

CHF is attended by a number of neurohumoral 
changes that probably evolved as counteractive mechanisms to 
maintain perfusion in response to a reduced blood flow* and that 
are responsible for both the excessive preload and afterload in 
CHF. There is increase in the levels of circulating catecholamines 
which in turn increase sympathetic tone and promote systemic 
vasoconstriction. in recent times, the detrimental role of the 
Benin Angiotensin sy stea( BAS) has been elucidated in cases of 
CHF. The BAS is activated in CHF, directly or indirectly , producing 
vasoconstriction and leading to an increased production of * 
aldosterone which causes retention of salt and water. Activation 
of the BAS also plays a central role in the pathogenesis of 
hyponatrsoia observed in severe CHF, and appears to be related to 
the degree of hypokalemia ob served. Angiotensin XX contributes 
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to tii# systemic vasoconstriction of CHF and the chronic 
Inhibition of the HAS may have a salutatory effect on cardiac 
performance in such patiente.ini tially it was believed that 
only those patients whose CHF was associated with a high plasma 
renin ac till ty(PHA) could benefit from the inhibition of the Kas, 
but, long term results have shown that angiotensin converting 
enzyme inhibitors could be used with encouraging results in at 
least 50 % of patients with a low PM CHF. 

The most noteworthy and widely used drugs for 
therapeautic intervention are a group that block the conversion 
of the decapeptide Angiotensin I to the octapaptide Angiotensin 
II by peptidyl dipeptidase ( converting enzyme) and hence known 
as "Converting e&isyme Inhibitors" .The search for orally efficacious 
such drug culminated in the development of the highly active 
drug Captopril ( Cushman et al,1970). 

Captopxil,by lowering production of the vasoconstric 

Angiotensin II, as well as favourably increasing bradyklnln and 
two series pro staglandin(PGl ? ) parameters decreases the systemic 

'mm 

vascular resistance and enhances vascular responsiveness, thus 
relieving the excessive afterload observed in CHF. Captopril also 
reduces the secretion of the sodium re tainlng/po tassLum wasting 
hormone aldosterone, thereby contributing to preload reduction 
by controlling volume expansion and greatly lowering the risk 
of hypokalemia. In addition, Captopril redistributes regional blood 
flow, and improves renal blood flow and glomerular filtration* 

This promotes natriuresis and potassium conservation* Biuresis is 
increased and diuretic requirements are decreased with captopril* 


.o' 4 

Captoprll Is a balanced vasodilator and could be Ideal In most 
cases, It can also be used with added advantage In CHF secondary 
to hypertensive heart disease as it decreases the mean arterial 
pressure. Other noteworthy effects of captoprtl include reduction 
in the levels of circulating eatecholatines, activation of ths 
production of vasodilating prostaglandins and decrease in 
vassopressin secretion. The reports on the long term, relative and 

tL 

comparative effects of captoprll in CHF are encouraging* 

interestingly further, the results of a very recent 
study conducted by the Captoprll Digoxin Hull center Research 
Group have shown captoprll therapy to be significantly more 
effective than placebo and placed it as an alternative to dlgorin 
treatment in patients with mild to mo aerate heart failure who 
are undergoing maintenance diuretic therapy. 

Hot many studies have been undertaken la this 
country on the effete of vasodilator therapy, and the blockade 
of the HAS in particular,as an approach to therapy of CHF. Host 
studies here and abroad are based on hemodynamic measurements, 
the facilities for which are lacking in most Indian hospitals 
as well as ours. in patients with heart failure, the degree of 
cardiac dysfunction does not always correlate with the extent 
4t symptomatic benefit, Furthermore, changes in central 
hemodynamics are not accompanied by similar changes in patients 
symptoms, as seen on response to treatment .Besides, a lack of 
correlation between the short term hemodynamic effects of 
captoprll and susequent clinical response have been observed* 


Also* the results of & clinical study on the long term effects 
of vasodilator s as adjuvants in the therapy of CHF using 
Isosorbide dinitrat© and/or Hydralazine conducted by 
Mishra JM ©t al in 1986 at our institution have been positive 
and encouraging. 

These factor© prompted us to undertake this clinical 
study on the comparative effects of therapy of CHF with captoprll 
and digoxin,as well as to reassess the role of captoprll as an 
adjuvant to the conventional decongestive therapy, wherever the 
role and use of digoxln is found mandatory and otherwise? and also 
in cases of CHF refractory to digoxin and diuretic®. 
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REVIEW OF LITERATURE 




Sir Thomas Lewie had defined heart failure a a 
an inability of the heart to discharge its contents adequately. 
Sir Paul Wood defined it as a state in which the heart fails 
to maintain an adequate circulation for the needs of the body 

I 

despite satisfactory venous filling pressure.This definition 
did not incl ude insuf f 1 debt venous return as a cause for 
inadequate cardiac output*lt is difficult for a single 
definition to suffice for heart failure, as clinical and 
physiological criteria essentially differ* 

From a clinical viewpoint ,Heart failure may 
be considered as a pathophysiological state in which an 
abnormality of cardiac function Is responsible for the failure 
of the heart to pump blood at a rate commensurate with the 
requirements of the metabolising tissues of the body* 

In the intact heart, the cardiac output is 
normally regulated by an intimate integration of four principal 
determinants —preload, afterload, contractility and heart rata** 

The management of heart failure aims at the 
therapeautlc manipulation of the above mentioned determinants 
of cardiac performance to provide optimal circumstances for 


the depressed contractile force or mechanical derangement of 


the failing h 



ver a normal, or near normal cardiac 


output* -r* — 

The cause of heart failure is usually 

diminished ventricular contractility owing either to direct 


myocardial damage(as in ischemic heart disease and primary 
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cardiomyopathy) ©r chronic pressure or volume overload as in 
hypertension, and valvular heart disease)* 

It was as early as 1922 when Wiggers and Hel 
discovered that chronic heart failure was associated with 
increased systemic vascular resistance which resulted in 
Increased afterload, causing reduction in stroke volume*! t was 
later found that different forms of heart failure were 
associated with one or more of the following:!) increased 
neurogenic vasoconstrictor tone(i* e* ,neuronally released 
norepinephrine) ,ii)increased hormonally released vasoconstrictors 
(eg norepinephrine ohangiotensin) ,and ill) altered smooth 
muscle reactivity (eg increased responsiveness to metabolic 
vasodilator stimuli) (Zells et al, 1976 , 1978 )* 

When the heart fails as a pump, a number of 
neurohumoral mechanisms are activated in an attempt to 
maintain cardiac output, and thus perfusion of the vital organs 
of the body (Cohn et al, 1961) :i) the body appears to utilise 
the Frank Starling mechanism whereby, a rise in end-diastolic 
volume (preload) is followed by a rise in cardiac output .This 
increase in preload is achieved by a combination of volume 
expansion, decrease in capacity of the vascular bed, and 
redistribution of blood flow*This results In part from the 
activation of the sympathetic nervous ay stem( Levine at al, 

1982) ,11) the increased release of catecholamines by adrenergic 
cardiac nerves and the adrenal medulla which augments cardiac 
contractility, and ill) myocardial hypertrophy with or without 
dilatation, and iv) activation of the HAS* Benin secretion is 
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enhanced by a fall In perfusion pressure, and heightened 
sympathetic st±iaulation(Kluger et al, 1982)* 

The Benin Angiotensin Wystan: The RAS provides a fundamental 
physiological mechanism for the maintenance of blood pressure 
and perfusion of vital organs.lt responds to changes in the 
perfusion pressure of the kidneys, and to volume, and achieves 
the adjustments by bringing about changes in both fluid volume 
and vascular tenstoiuThe renal enzyme *rentn*is secreted by 
the Juxtaglomerular cells. The stimulus for renin release 
appears to be 3 fold:!) First, any factor tending to lower renal 
perfusion pressure, ii) the ionic environment of the tubular 
fluid,ili) through sympathetic nervous system mediated stimulus. 
This hormone reacts with a glycoprotein substrate to fora the 
Inactive compound angiotensin II.The "Converting enzyme" 
(peptidyl dlpeptldase) catalyses the conversion of angiotensin I 
to angiotensin II which is a highly active compound mediating 
the effects of the RAS.This phylogenetically ancient mechanism 
achieves its goal by i) Direct systemic vasoconstriction. 
Angiotensin ii is a powerful systemic vasoconstrictor acting 
predominantly on the precapillary arterioles, and to a lesser 
extent on venules,!!) Facilitation of the ef£cts-both central 
and peripheral, of the sympathetic nervous system by a 
predominant presynaptic facilitatory effect on adrenergic 
neurone termtnals( &tmmeraaa* 1931 ) , 111 ) Promoting renal sodium 
retention through aldosterone and intrarenal hemodynamic 
changes whilst preserving glomerular filtration. Recent evidence 
suggests that angiotensin II may directly increase sodium 
resorption In the proximal tubule, and that, this effect can be 
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reversed by captopril ( Duslng et al* 1985)*i*)By stimulating 
thirst and enhanced aynt heeds of vassopressin* 

The HAS in Heart Failure i Whilst the MS serves the body 
admirably la coping with day to day physiological changes, 
when pathological processes superven#,its activity may ha 
counterproductive so that interrupting it provides a valid 
line of therapy in CHF* 

Disturbances of the MS have been described for 
over 40 years(Merill et al, 1946; Davis JO, 1965»Oenest et alp 
1968) .They have been related to various factors including 
reduced perfusion pressure (Schneider et al, 1975), reduced renal 
blood flow( Davis JO, T973J Davis JO, Freeman H, 19?6; Levine et al, 
1979) , and have been said to vary with the stage or rate of 
development of decompensation (Brown et al,19?0|furini et al, 
1978) .The end result was differently viewed either as a 
compensatory mechaa±sm( Zells R,Mason DT, 1970) to help maintain 
arterial pressure despite a falling cardiac output, or as * 
potentially harmful vicious circle in which peripheral 
vasoconstriction and secondary aldosteronism led to further 
cardiac ovarload( Davis JO, 1980)* 

The sympathetic nervous system and the MS are 
activated in CHF although sympathetic stimulation may be one 
of the factors contributing to renin release. The increased 
Sympathetic activity in CHF may represent an initiating factor 
in depression of cardiac output, the increasing vasoconstriction 
adversely limiting forward flow( Levine et al,l982) *The 
increased levels of plasma norepinephrine are inversely 
related to baseline cardiac function, but the norepinephrine 
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levels do not change significantly with specific therapy 
(prazosin) .On the other hand, the RAS was found to exhibit & 
wide spectrum of activity and hemodynamic improvement with 
captopril was related to this activlty(Kluger et al,1982) • 

The eynpathetic nervous system and the HAS thus 
combine to cause volume expansion and salt & water retention, 
and reduced vascular capacitance by the pressor actions of 
catecholamines and angiotensin* Whilst the cardiac output may 
tend to be favoured by these effects by the Frank starling 
mechanism, they may be on balance more deleterious to the 
clinical state of the patient than helpful* First, the end- 
diastolic pressure may rise excessively with little added 
benefit to cardiac output, so that, the predominant clinical 
abnormality is high filling pressure with consequent 
pulmonary congestion*Secondly, the retention of salt and 
water nay become so excessive that it serves no usSfuL function, 
causes oedema and becomes an added burden to the already 
failing heart .Thirdly, and perhaps most importantly , the 
arteriolar constriction and consequent increase in the systemic 
vascular resistance causes an increase in afterload* This in 
turn tends to depress the cardiac output and thus affect the 
myocardial oxygen demand to supply ratio adversely*The 
important role of systemic vascular resistance has been 
established as a sustaining factor in chronic CHF(Ross J Jr, 
Braunwald E, 196%) .systemic arterial pressure may be 

fflwa l. * i ElLw wM&m wot Q4. X UUiL b&t&JL i&tf JL*1> wcUT yM , mi * 

function. The latter point may be particularly pertinent in 
patients re&eving treatment in the form of diuretics or 
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©odium restriction which may themselves stimulate further 
real a secretioa(Holleuberg & Williams, 19&1)» 

1*111 a few years from now, the use of digoxLm and diur 
-etics has hem the mainstay of pharmacotherapeautic approach 
against CHF.ln 1799»Joha Ferrlar was the first to ascribe 
to digitalis a primary action, on the heart*It Is undoubtedly 
the earliest known inotropic agent which was deemed effective 
in CHF,and ha® so far been in use despite several disadvantages 
like a low iherapeanti o-to 3dL c ratio, limited plasma concentration 
and modest inotropic action*This has been so mainly because 
of a lack of alternative modes of therapy * Digoxtn principally 
increases cardiac contractility and reduces the heart rate, 
and the diuretics, decrease the preload and reduce pulmonary 
congestion* 

More than 23 years ago it was suggested that the 
sustained decrease in heart size by diuretic treatment may 
in and Itself, produce long term clinical benefit( OorUm R» 19&2J • 
The roughly 200 years of experience with digitalis cannot he 
regarded as typical of inotropic drug therapy for the very 
good reason that its salutatory effects are most often obvious 
in patients with atrial fibrillation where it la acting ms 
an anti dy srrhy thial c agent (Me Bailie et al,1977)*It is now 
held that cardiac glycosides may not improve cardiac 
performance when added to rigorous diuretic therapy*The long 
term effect of dlgoxlm in patients of heart failure with 
atrial fibrillation Is well known, but long term clinical or 
hemodynamic benefit could not be shown or was infrequent Is 
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patients with sinus rhythm( Johnson GB,Mc Dewitt, 1979) %ln fast* 
the efficacy of dlgoxln in patients of CHF la sinus rhythm 
is believed by many to be non-existent. Cardiotonic drugs 
though they Increase renal blood flow, have been shorn not to 
alter the ratio of renal blood flow(EBF)to cardiac output 
(gaudier at al,19&t;Mc Donald et al,196%jL®Jemtel et ad, 
!9S0*Cogan JJ,19SO)*BiSOSin is also a toxic drug with a low 
therapeautic- toxic ratio and it has become debatable whether 
the benefits of using it outweigh the risks associated with 
its use (seiner A, 1981), The inotropic drugs have also been 
shown to have a tendency to cause or worsen ventricular 
arrhythmias whereas ACE inhibitors decrease ventricular 
ectopy(Cleland ©t al, 1964; Packer et al, 198h) .Two recent 
studies have also shown that the use of inotropic drug results 
in short term symptomatic relief at the cost of accelerated 
deterioration in cardiac function( Packer et al,l9&4t§shah et al, 
1985) .There is broad agreement that the agents of first choice 
in the management of CHF are the dlur eti cs.Unf ortunately , the 
use of increasing doses of diuretics is subject to the las of 
diminishing therapeautic returns, the limiting factors being 
either drug toxicity or resistance to its effect. Studies have 
shorn that the major cause for diuretic refractoriness Is 
the activation of the KAS hF these drugs(lkraa H ©t al, 1980) . 
Diuretic activation of the HAS leads to exacerbation of the 
arteriolar vasoconstriction with consequent decrease in cardiac 
output, and salt hetention.lt was thought possible later, that 
addition of an ACE inhibitor with diuretics could result in 
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further increase in exercise capacity by nullifying this effect 
(Beyliss ©t al,1977)» 

The combination of digoxin and diuretics does sot 
alter the aft@rload*Biur®tics,in addition, may precipitate low 
cardiac output since they decrease Tenons filling pressure* As 
such, this combination has been found Inadequate in a large 
number of cases of CEF, 

In the last decade or so, the clinicians hare 
tried to alter the afterload favourably with the use of 
vasodilators* 

The principal of peripheral vasodilatation in 
relieving pulmonary congestion was first postulated by S&raoff 
& Farr as early as 1944*These drugs were first used in clinical 
practice by Burch in 1956 in CHF to decrease venous tone* With 
the same physiological principles in mind, Johnson ®t al(f97H)» 
employed sublingual nitroglycerine to induce peripheral 
vasodilatation for the relief of pulmonary oedema in patients 
of left ventricular failure. In both these studies, the objective 
was to decrease pulmonary congestion by venodilatation*At tost 
time, the role of vasodilators in decreasing impedance of the 
left ventricle with subsequent increase in cardiac output was 
not appreciated. 

Majid et al , 1 97 1 ; use<^phentolamine in patients of 
CHF developing after acute myocardial infarction and 
demonstrated substantial decline in systemic vascular resistance 
(SVH)and pulmonary arterial pressure, with increase in cardiac 
output, and without any significant changes in systemic arterial 
pressure and heart rate.Modem era of afterload reduction In the 
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treatment of CHF was thus began by successful use of vasodilator 
In acute forward f ailure.Thereaf tar, the vasodilator therapy 
concept spread rapidly and extended to the management of 
severe chronic CHF also* 

The beneficial effects of vasodilators are 
principally by their actions on the peripheral vascular bed# 

The vasodilators decrease pulmonary congestion by reduction 
of ventricular preload and increase cardiac output by reducing 
impedance to forward flov( Cohn, 1973) •Furthemore^improv^aaaat 
in pump function produced by vasodilators is generally 
accompanied by decreased myocardial oxygen demand# This is 
because of reduced myocardial wall tension through Laplace 
Law# In contrast, an inotropic agent increases this demand 
, by, enhancing velocity of fibre shortening. This may be of 
particular importance to the patient of ischemic heart 
disease ( iraadoeca et al,1977). 

Neither the hemodynamic effects of heart failure 
nor those of vasodilators are uni form, and in view of the * spectre 
of action of vasodilator drugs, the choice of the drug should 
be based according to the predominant and specific deficits 
present in a particular patient ( Braunwald 1, 1977|bhatterjee & 
Parmley, 1977) .Examples of predominant vasodilators include 
nitroglycerine and nitrate, while on the other hand, hydralaxine, 
nifedipine and minoxidil are predominantly arteriolar dilators# 
Hemodynamic improvement in GIF with the u as of 


Isosorbide dini trate( Ulliaas et al, 1977;Ghosh et al, 1977) ; 
after long term therapy with nitrate and hydralazine<Leier et 
al,!98l?Miahra et al, 1985-86 at our institution) jwlth the use 
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of hydralazine alone( Chatter jee ®tal,1976)is well documented* 
The fear of clinically meaningful nitrate tolerance was found 
to he unf ounded( Franciosca et 81,1973) .This seems to he true 
for hydralazine as well, because, the hemodynamic responses to 
this drug were also found to be unchanged after therapy, 
lasting on an average 8 months( Chatter jee et al, 1978) • 

The examples of drug® having both arteriolar and 
venular dilating properties are sodium ni troprusside , 
phentolamine , phenoxybenzamine , prazo sin, trimazo sin, captoprH 
and enalapril • Beneficial hemodynamic effects of sodium 
ni troprusside in patients of CHF due to mitral regurgitation 
has been observed( Chatter jee et al, 1973) .Prazosin and 
trimazo sin have been shown to be of clinical benefit in CHF 
of varied etiology(Amow & Danhey, 1978) .Beneficial effect of 
oral prazosin with acute and chronic use was also reported by 
Aw an et al ,1 977 * Prazo sin , however , was found to be associated 
with drug tolerance( Packer et al, 1978; Arnold et al, 1978). 

A comparative hemodynamic study was conducted by 
Leier et al in 1981 to evaluate the effects of hydralazine 
and isosorbide dinitrate alone and in combination in chronic 
CHF#They observed that hydralazine alone produced benefit 
as compared to isonorbide dinitrate, and their combination too 
was superior to the use of isosorbide dinitmt*’ alone* 

Benefit of such a combination was by Kothiala et 

al in 1983* 

Hemodynamic improvement with the use of nifedipine 
in chronic CHF is known( Leier et al, 198%). Hemodynamic benefit, 
increase in duration of exercise have been noted with the use 
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of felodipine,a caldua channel antagonist with elective 
vasodilator property, In cases of chromic CHF(T«aislB et al* 

1984 ). 

Empirically, a hy dralazine-ni t rate combination may 
be thought to work wen for most patients of CHF with more 
emphasis on the nitrate if the predominant symptoms are 
pulmonary congestloa,and more emphasis on hydralazine if low 
output synptomsC eg oliguria) predominate. Continuous nitrate® 
may be unnecessary for chronic therapy once the patient 1* 
stabilised.mth this amount of research, vasodilator therapy 
was established as an important adjunct to the conventional 
therapy of CHF* 

However, with further studies,it became evident 
that vasodilator therapy, whilst undoubtedly effective in short 
term could fail in the long tern* This failure could be attributed 
to the activation of the counterpoised homeostatic system® 
which antagonised the vasodilator actions of these drugs(Ikraa 
If et al, 1930) •Sodium altroprusaide and prazosin were found 
to have a stimulant effect on the HAS, and this could result 
in therapeautic failure If sustained* Another problem with 
these agent® was of rebound deterioration on withdrawal* 

From the above studies it became obvious that an 
agent with vasodilator properties and a capability to block 
the BAS selectively would prove ideal in majority of case® 
of CHF* The use of such a drug would prevent either diuretic 
Induced or vasodilator induced activation of the RAS* Since 
development of tolerance is related to the activation of the 
RAS, such a drug would likely be effective for long periods* 
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In addition 9 the blockade of the HAS in a specific man n e r would 

o 

be a very much pbysi^ogical approach to counteract the 
hemodynamic derangements seen in cases of CHFe 
Development of the ACE inhibitors: As it became evident from the 
above mentioned facts,ACE inhibition could be viewed as the 
most practical pharmacologic means to block the effects of the 
'HAS* The development of the ACE inhibitors was based on the 
observation that the vasoactive snake venom from Bothrops 
jarapa was capable of suppressing the angiotensin converting 
enzyme (Ondetti HA, t 977) -The amino acid sequence of this active 
peptide was identified and the synthetic peptide SQ2Q881, 
tepro tide, was developed subsequently (Ondetti MA, 1977, Cushman, 
1978; Ferguson, 1977)#Later,it became possible to develop a 
compound of comparable affinity for the converting enzyme 
that could be given orally .This ageat^ was SQ14225 or captopril 
(Ondetti HA, 1977$ Ferguson, 1977# Cushman, 1978) .With its 
development, a highly active pharmacological agent was available 
to test the role of the MS in situations where or whenever , 
it was contributing to the pathophysiology of cardiovascular 
disease* 

Ettalapril (MK-421 ) and enalaprilat(MK-422) are still 
recent compounds of this group lacking the sulfhydryl moiety 
that initially was felt to be responsible for many of the side 
effects of captopril,These drugs are on the verge of being 
launched into clinical use in this country. 

Pharmacology and therapeautie consideration of the drug, 
captopril, used in this study are given briefly as follows:— 

Captopril is absorbed rapidly from the GIT ia normal 
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individuals, with detectable levels seen as early as 15 wlnabes 
following administration. Approximately » 60-7^ of an oral dose 
is afe^‘bed(Krlplanl,19SO|Duchin t t98Zb).lt is not known if eap&o 
crosses the placenta in humans( Pipkin, 19&2) • Captopril does not 
enter into breast milk, of humans, levels are less than 1% of the 
blood levels because of minimal entry ( Devlin, 198 1)*Capiopr±l end 
its metabolites are mainly excreted by the kidneys with a minor 
role for elimination in the faeces. The renal excretion of 
captopril is rapid, over more thm8G% of the 2k hour urinary 
excretion occurs within k hours after administration and is 
essentially complete within the first 2k hours. The primary 
mechanism of excretion is tubular secretion. The elimination 
half life of unchanged captopril has bee®, established to bo 
1.7 houre( Du chin, 1 962) « Captopril can be removed from, the body 
by heiaodialy at s( Hirakata, 19$ 1 ) • 

Peak hemodynamic effect as manifest by reduction in 
systemic vascular resistance occurs at 60 minutes.The duration 
of action also follows well with the pharmacokinetics of 
unchanged captopril and averages about Jj*~6 hours( Cody, 1982) . 
Mechanism of action of ACS inhibitors: Most data support the 
view that the beneficial effects of the ACE inhibitors in heart 
failure arise mainly from the reduction la systemic vascular 
resistance and left ventricular filling pres sure. The major 
contribution to this effect is from the inhibition of the HAS 
and subsequent reduction In angiotensin IX cone mirations* 
However, the correlation between the immediate hemodynamic 
effects end the plasma renin activity (PEA) is modest .One recent 
study showed a linear correlation between the immediate 
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hemodynamic improvement following captopxll and the 


pre-treatment PRA in 100 patlents.but failed to shoe any 
useful correlation after Ito 3 months treatment ( Packer et al. 


1985) •This inconsistency has suggested that factors other 
than blockade of the RAS(angioteasin formation precisely} 
say h* responsible for the effects of heart failure, but there 
is evidence accumulating that tissue levels of ACE and 
angiotensin II (particularly 1$ the vasculature) are sore 
Important than plasma levels in determining the drug's effects* 
(Unger et el, 1985) . 

Other factors nay he involved* first, these drugs 
bring about a reduction in circulating catecholamines which 
have been shorn to correlate with the henodynanic improvement 
(Cody et *1,1982), and elevation in plasma adr en al ine has hsen 
found after their withdrawal (Hicholls et al, 1981) .However, such 
findings have not been conadLctent( Faxon et el,19d1)*The reduction 
in sympathetic activity must ha considered as a possible 
important aspect of ACE inhibition in CHF* 

The third mechanism whereby, a reduction in syntonic 
vascular resistance may he accomplished by ACE Inhibition Is 
by the inhibition of the potent vasodilator bradykinin.However, 
the extent .of the effects of ACE inhibitors on circulating 
hradykinin ia not certain*Xt has been suggested that the offsets 
arc local than sgrste«ic t and the renovascular effects of 
bradySclmln are not enhanced by captoprll( Edwards & Pat field, 

A further possibility ia that the inhibition of 
kininese stimulates the production of the vasodilator 



prostaglcndin,PGE 2 (Nasjletti & Malik, 1979 ) * Support for this 




fact is provided by the observation that indomethacin has been 
shown to inbibit the vascular effects of ACE inhibitors 
( Cwarts & Williams, 1982) • 

Whilst the reduction ii^eysteiaic vascular resistance 
is probably the most impotent effect of ACE inhibitors in 
heart failure, the changes in fluid and electrolyte status 
brought about by modification of pathophysiological processes 
in the kidney also contribute to their beneficial effect#**©*® 
consider these to be fundamental to their therapeautic use 'in 
heart failure (Lipkin St Pool e-Wilson, 1985 ) .Reduction in the levels 
of plasma and urinary aldosterone is the most obvious mec h a n i se 
by which sodium excretion may be eahaaced( Creager et al t 1961) 
but reversal of angiotensins* renal tubular and intrareasl 
hemodynamic effects which result in sodium retention may b# 
more Important (Todd & Heel, 1986 ) .The reported reduction in 
plasma and urinary v&ssopressin levels(Thibonnier et * 1 , 198 ?) 
with prolonged therapy and the enhancement of renal prostaglandins 
may also contribute (lasjletti & Halik, 1979) . 

Recently, the MS has been implicated inuthe 
pathogenesis of hyponatremia observed in patient© with severe 
heart failure# The pharmacologic effects o f angiotensin XX wfl 1 
tend to cause water retention( thirst stimulation, vaesopressia 
release and intrarenal hemodynamic changes) and the rapid and 


sustained correction of hyponatremia by eaptoprll provides 
evidence for the major role of the MS in its pathogenesls.Of 
equal lmportaace,it suggests that the mechanism of the beneficial 
effect of ACE inhibitors in GIF is not confined to a nebulous 
vasodilator property. 
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The first ACE iaMMtor to be used la esses of 


CHF ess teprotld©*! redaction is SVB sad a rise la cardiac 
output sere reported with the use of intravenous tsptatld* 


by Curtiss et el, 197&* 

Turin! et al(197f)gave ceptoprll during cardiac 
catheterisation to 6 aorao toast we patients sit h refractory OOP* 
They observed that captoprtl 

aad preload, and improve cardiac fuactloa*?hsy ©piasd that It 
remained to be soea that whether these benefits util persist 
witii chronic stra ti os. 

Bawls et al£f979)ussd captoprtl la the capacity of 
«& orally effective ACE inhibitor la cases of chronic df* 
tbs 7 cases studied by thus .had little or ao relief la symptoms 
despite use of oral v&eodilatara<6 with hydralazine sad 1 with 
praaocia) *ieaeficial offects^wsodyuaalc and dlalcsl led then 
to conclude that eaptoprll appeared to offer praad.se la the 
treatment of SHF sad was worthy of further investigation* 

Scnodyaadc effects of eaptoprll were evaluated $m 
10 patients of CHF(? duo to IHD,1 hyperta®*&oa t 2 of unknown 
etiologjr)by Ader et sl(1980)*Ia all their cases they found 
aigutUcsat lacrease® la ^cardiac out put (average 28^), stroks 
voluae(%9^)aad stroke work ladeaCaS^) along with decrease la 
pulaouary capillary wedge j«s@ar©{i^} ^indicating improved 
left ventricular function* Modest decr eas e s la heart rate and as 
arterial pressure wars slue >eea»Xn 7 of these cases repeat 
hsnediaaalc stadias revealed sustained effects* These wars 



mtmmtmdM by cUnieal Improvement and Increased smrstaa 


tolerance during maintenan ce thsrapy«fhey also suggested on basis 
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of their observations that tachyphylaxis does not appear to 
the effects of captoprll in CHF* 

Creager ®t al( 1981) studied the acute effects of 
captoprll on regional blood flow, renal hemodynamics and sodium 
excretion in 12 cases o< severe CHF* The SVR was found to fall 
by and the cardiac Index to rise by l6$*There was no 
significant change in the glomerular filtration rate(OFR) ,tli© 
filtration fraction decreased significantly while urinary 
sodium excretion doubled* Captoprll reversed the renal 
vasoconstriction in CHF and redistributed regional blood flow# 

The plasma aldosterone and norepinephrine concentrations showed 
a fall* similar acute hemodynamic effects had been reported by 
Faxon et ml in 1980. Creager ©t al also found that with eaptojsil* 
the fraction of the cardiac output measured a© renal blood How 
was increased significantly to 1i$* 

The long term effects of captoprll treatment were 
assessed by sequential hemodynamic measurements over a period 
of 6 months in 19 patients with resistant CHF by Fouad et alt 
1 982#laproveaent was noted within the first week la 11 of the 
cases and was marked by a. significant increase in cardiac output 
and stroke volume, a decrease in heart rate and total peripheral 
resistance.By the end of 3 months ,7 of the remaining 8 ale© 
Improved# The results suggested that the response to captoprll 
may occur gradually, and the reduction In plasma aldosterone to 
PRA ratio was an effective marker of compliance. 

Walsh & GreenbergC 1981) , Packer et al( 1983) #Kothiala 
et al( 1983) ,Massle et al( 19W corraborated that hemodynamic 
and echocardio graphic studies may sot be essential in ml 




practice «ad that there was lack of definite correlation 
between heaodyaaaic value and long term clinical response* 

Studies of Goto and Fraacio«ca( 197?) revealed that 
vasodilators were of relatively leas value la oases of obstructive 
valvular lesions as MS & &s*Tbey were else found to be of leaser 
vela# la oases of chronic obstructive airway disease Rubin at 
al» 19d2|Koast«BB et at*. 1964)* 

Cowley et «!<! 962) porf omad a placebo controlled 
study of c&ptoprll t berajy la 10 patients vitb severe CSF whose 
ayaptoas were act ©©strolled by digests and dluretlcs*Xa 2 uove«aat 
was anted la exorcise performance which was found to correlate 
with the reduction la the forearm vascular reaLstaace ©eased by 
©aptoprlX* 

jUtgLotemaia II 1 e val a, faesodynaai cs sad sy®patl»~ 
adr enal flsaetloa after lew dose captoprtl la 10 patients of 
chronic CSF wars studied by t&elaad et al la 19&fc*9 of these 
patients bad s high concmtration of plsama renin. Frequent 
meeuearemsaea wore sad® over foo mantes of s sul a8se(o»2|> mg} 
sad related to concurrently measured heuodynaule variables* 
c&ptoprxi. was round to ©suss s decrease la system© sad 
-^rpulaonary arterial pressure sad ns •< »- «»»©#> e® la tbs ea r diss ladast* 

<Mkt 1W . dan, , jwsmhSSs- ..atfS' fi U fa jm* dgakcWSadSl warn. jnb, ^ sSeti&fc'd&L mrnr • VMfnn ea. «iec- ■*«*.. A* JL „,^ 1 ^,. jw.afc 

ISIlillCli duct WLiiJl wdLOIl $A Of 

pis se s ss g i o t enwin II sd lacrens® la plaesaa c^neeutratioa of 
re&ln.¥he fcsmodynsat© ware ascoepeaied by a derma ins 

la i dese® *pf, ndbyitt © oaee atrs ti cm* The mM.sats w i th low wS tstmt 
renin concentration were acted to skew little keacdynssle 
response to the drug*Ov@rall » eaptopril was found to improve tbe 
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altered hesaodynaiaics in CEF with the observation that the 
first doss may produce hypotension. Vasomotor syncope with 
bradycardia had earlier been noted to occur after captopril 
in cases of GHF associated with a high PRA# 

The largest, most significant and most widely quoted 
trial of captopril in heart failure was carried out by the 
Captopril Hulticenter Research Group in 1983*92 patients with 
heart failure refractory to digoxin and diuretics were allocated 
to either captopril or placebo randomly* The clinical coarse 
and repeated exercise testing was recorded for 12 weeks* At the 
end of the 12 week period, the group® had been reduced for 
various reasans-47 on captopril and 2b om placebo*l?siEg the 
H7HA functional class rating, 30 captopril treated patients 
had improved compared to 10 of placebo group.in the captopril 
treated group, there was a mean 24% increase in the exercise 
duration but none in the placebo group* Pre- and post treatment 
radionuclide left ventricular ejection fraction data on 
33 captopril and 16 placebo patients showed a mean improvement 
of 16% is the captopril group and virtually no change la the 
placebo group* An analysis of subjective assessments of 
improvement by doctor showed that about 80% of the captopril 
group and 30% of the placebo group had improved* 

packer et al( 1984)investi gated the efficacy, of 
captopril in low renin CHF.Th.ey evaluated the long term 
hemodynamic and clinical responses to captopril in 26 ©asses 
of severe chronic GHF whose pretreatment PRA was less than 
2 ag/»l/hr. After 2 to 8 weeks of continuous treatment, 14 





patients ©towed long term hemodynamic benefits, cases 
developed sustained reactive hyperrenineiaia* 12 of these 
improved clinically* 12 other patients had no reactive rise 
in PRA and these showed nd significant improvement in any 
hemodynamic variable* They thus concluded that many of the 
patients of CHF with a low PRA could benefit from captoprll, 
a nd these patients could be <h r H n «bad from the son* 
responders by the occurrence of reactive hyperrenlnemla 
during long term treatment* 

Cleland et al( 1984) performed a double blind 
crossover study of captoprH and placebo in patients with 
severe heart failure.During the double blind phase, captoprH 
was found to be significantly better than placebo in relieving 
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reducing end— sy stall c and end— di astoll c ventricular dimensions 
and the incidence of ventricular extrasy stoles* Adverse effects e 
were not troublesome but two patients developed mild postural 
hypotension inltlally.There was a rise in the effective renal 
plasma flow and a significant reduction in creatinine clearance* 
Serum and total body potassium increased* The workers concluded 
that captoprll corrects biochemical abnormal! ties, limits 
anrhythad as, improves cardiac performance and benefits patients 
symptomatically in GIF# 

Bayltbs et al(t 985) assessed 19 patients of chronic 
heart failure before and after acute and long texm(4 weeks) 
treatment with captoprll, and prazosin, given in random order* 
Raring captoprll, hemodynamic improvement was maintained by the 
imhtbltlau of the RAS. During prazosin, a decrease in SVR was 
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maintained, but* the PRA, aldosterone and aor®|da®itoiwt 
concentration© increased, fluid retention developed end ell »t cel 
benefit did not occur* 

The Captoprll Multleenter Research group partosneA 
another study on the hemodynamic responses sad long tex* 
effects of captoprll In 124 patients of heart failure resistant 
to digoxin and diureties.The cardiac status of these patients 
was deteriorating parlor to this study , Favourable acute 
hemodynamic effects occurred consistently with captoprll. 

Maximal moan % Increases In cardiac index, stroke Index and 
stroke work index were 35#*¥i$ and 34# respectively. At 8 weeks* 
hemodynamic changes were sustained. Signifi cant and sustained 
improvement* were observed in most patients as measured by 
change in IITEA CPLass(79#) .Those patle&t® who underwent pre- 
and post treatment exercise stress testing* exhibited a highly 
significant Increase In mean exercise tolerance tins of 34#* 

Th ere was no evidence of tachyphylaxis over a 18 month period* 
All patimts with hypokalemia at entry and all but one with 
hyponatremia normalised rapidly. M. ©©appearance of oedema in. 

55# for whom data were available was a notable feature* Captoprll 
was generally well tolerated although hypotension caused 
withdrawal of the drug In £#* 

The effect of intravenous captoprll In patient s with 
severe cardiac failure was studied by Bademaker et al In 1988*4 
rapid reduction In. *3fB and systemic blood pressure were noted* 
and the cardiac output Increased by 2D#*fhe rapid response to 
intravenous captoprll indicated that It could be useful for 
patients with severe heart failure requiring intensive treatment 


BocaaeUl et al( 1986) compared an addition of 
captoprll ( 12*5 to 50 mg b.d.}with increasing doses of 
frueeside(25-*1Q0 ag/d)ia CHF,in a randomised double blind 
comparative trial * s tail stic&Lly significant improvement 
occurred la both the group© la a parallel fashion. Echocar dlo-» 
graphic data showed ai^lficaatly better pattern of changes 
la the captoprll group. They concluded that ike addition of 
low doses of captoprll to basal therapy appeared to be as 
effect!?© as addition of higher doses of furesftslde in 
uncontrolled moderate CHF.Thi© approach with captoprll, at 
the sane tine appeared to be sore physiological and safe* 

Takada et al( 1986) gave captoprll 25 mg to ? patients 
of chronic obstruct!?© pulsonary disease In stable stats* 
Captoprll Increased cardiac output by 23$ and decreased mean 
aystealc pressure by 12$ but did not alter the mean pulm o nary 
arterial presasre.The heart rate, seen right atrial, and 
pul nonary capillary wedge pressure remained uncha n g ed* P u l monar y 
and SVH fell respectively by 14$ and 3!$* 

Packer et al( 1966) conpared the short and 1 sag term 
clinical responses to sciential therapy with prase sin and 
captoprll .The initial Increases in stroke volume and cardiac 
Index with pmnostn were lost In the long tern* Captoprll 
produced nodest Increase in both these variables, and there 
was me attenuation of these effete on prolonged tkerapy.Thsy 
proposed thus, that the choice of vasodilator dreg over another 
In patients with CHF should be based on studies that compare 
their long term rat her than short term effects. They attributed 
tbs superiority of captoprH to its ability to effectively 
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reduce the activity of the sympathetic nervous system rad 

the MS* 

Packer et al( 19d6)als© investigated the adverse 
effect® of captoprll and eaalaprH therapy la CHF^hsgr found 
that symptomatic hypot@aed.oa, fractional renal laeufflcieacy 
end hyperkalemia were the 3 moot comaon adverse effect® which 
were predictable consequences of imierfevlM; with the MS* 
they also found that these adverse effect® could he prevented 
or reversed hy increasing the iatak.8 of salt or decreasing the 
dose of concomitantly adsiai stored Jluretlcs.The occurrence of 
the*® odd©, effects randy caused diaeoaiimiailaa ef drug* 

Alicaadri et el( 1966) compared captoprll aad digests 
in slid to noderate heart fallure»€teptoprll(23 as S hourly) 
appeared to -.improve hemodynamic effort tolerance and cardiac 
fraction radar strera of isoaeirie exercise la. patients with 
sever# chronic CHF*The Improvement was comparable to that 
obtained la the same subjects with dig0xln(O*2$ mg oaee daily) 
gives for ora month. They concluded that captoprll with Its 
lower toxicity rad radar therepeautl e range was a valid sad 
useful alternative to dioxin for treatment of patient® ef 
mild to moderate Off? im slams rhythm* 

Magsaai t Magelli( 1966, for Multi era ter 


Research Group on slid heart failure) enrolled 9 % patients 
ef etawale ®F(HflA Class SS"»XY)om digratn fra* a 12 aoath trial 



trend of eurvival curve la the placebo or captoprll treatment 
groups after 6 month®, patients treated with captoprll without 
addition of diuretics had a significant improvement la NYHA 
increase la exercise capacity* a decrease la CT Ratio sued 
enhanced eehocardlogrsphic left ventricular contractility. 

These preliminary results proved captoprll useful as ccaqpared 
to placebo In mild to moderate heart failure. Addition of 
captoprll was held to form an useful adjunct and alternative 
to the addition of diuretics when the patient was f cue digoxin* 
Ho tachyphylaxis was observed. 

Therapeautlc evaluation of captoprll was carried out 
by Miahra et al in 1986.13 cases of resistant CHF who had 
redevsd conventional therapy for at lead 6 weeks including 
the use of vasodilators without significant relief , were added 
captoprll (12.^ mg initially increasing to s m au l a n a of 150 ag/d) 
At 2 months* 12 cases(66*6$) showed good response( decrease In 
NYHA Class byu2 grades) *6 fair response( decrease of 1 HYHA 
grade), and 2 did not respond*Unlike vasodilators* clinical and 
hemodynamic benefit was achieved without fluid retention in • 
physielogi cal manner. 

Kaushik et al( 1986) reported experience with long 
term therapy of severe CHF(MYHA Xf)in 8 eases not responsive 
to conventional therapy. All patients shoved significant and 
continuing f u n ctional improvement within 2 weeks of start- of 
therajy.Yhere was an accompanying decrease in heart rat e.mesa 
arterial prepare and heart slze.Left ventricular ejection 
fraction increased serially to statistically significant level* 
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in a randomised double blind trial ,60 patients 
with loft ventricular dysfunction( ejection fraction loss than 
if 5#) but without clinical evidence of heart failure,! weak after 
q wav© myocardial infarction., were given captoprll 25 mg tds, 
frusemide IfO mg od or placebo by Sharp© et al( !988)*litii 
captoprll, the left ventricular end systolic volume index and 
ejection fraction were significantly increased from 1 month 
onwards. In contrast, the frasesri.de and placebo groups showed 
significant increases in ventricular volumes, with stroke volume 
index unchanged and ejection fraction slightly rednced«The 
study demonstrated that captoprll could improve symptomless 
LV dysfunction in patients with acute Q wave myocardial infarct!©: 

la contrast to these studies, the use of captoprll in 
primary pulmonary hypertension has been di ssappointing to 
suggest that angiotensin does not play an important role in the 
maintenance of this condi tlon( Rich at al, 1982$ Lei or et aL»19&3)« 
Of great interest is the study conducted by the 
Captoprll Digoxln Multicenter Research Group which published its 
observations in. 1988. This multi centric, double blind, placebo 
controlled study compared the effects of captoprll treatment 
with those of dlgoxin treatment during maintenance diuretic 




31 


ventricular ectopic b©ats(F¥C*s) decreased in the e&ptoprll 
group, and Increased h% la the digoxia group with acre th« 

10 PVC«s per houMreataent increased requirements for diuretic 
therapy, sad hoop! tall cations nor* significantly sore la cases 
recieving placebo compared with those recieving either active 
drug.Transltory hypotension occurred aor® frequently with j 

captoprll.The study concluded that captoprll treatment la j 

significantly sore effective than placebo, and la an alternative 
to digoxin therapy in patients with slid to moderate heart 
failure in sinus rhythm, who are reclevelng maintenance 
diuretic therapy* j 

This saaa of data la telling the physicians that:- 
l)the ACE inhibitors are unique new type of therapy for heart 
failure »Ii) they have an advantage over previous therapies of ; 
being capable of blocking aodlurs^reteatlon by the kidney which 
results In some advantageous correction of biochemical 
abnormal! ties, lii ) their effects are detectable both by 
h ew od yaawj g and aor ese < n-i && parameters which say net 
always mutually correlate ,iv) their effects are both acute end 
long lasting, v) they can be valid alternatives to digests In eases 
of CHF In sinus rfaythn(aild to moderate) •vl}thslr use can 
bring about reduction in diuretic do cages, vi) the ACE Inhibitors 
nay improve prognosis, a conclusion which has to be guarded, 
beca»se,omly cases refractory to other therapies have been, 
studied in this regard, and vtt)they are relatively veil 
tolerated and safe drugs with a promising future* 
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MATERIAL ABB METHODS 


The preseat study was carried out i n the 
department of Medtcine,M*L.B.Medlcal (K&l#g#*Jhaast*The case 
Material of the present study consisted of patients hawing 
congestive heart failure admitted In the medical ward and/or 
attending medical OPD at the medical college*The period of 
study extended from August 1986 to July 1989*A total of 
64 patients were observed during this period* These patients 
were assigned to 3 groups- A* B & C* Group A* the control group, 
had patients who recleved conventional decongestlve therapy 
In the form of digpxin and diuretics* Group B recleved 
captoprll and diuretics for treatment of CHF,aH the cases 
kept In this group were In sinus rhythm and dlgoxin was not 
used In them, Group C patients recleved all the 3 drugs,!*#*, 
dlgoxin, captoprll and diuretlcs.Majority of the patients 
assigned to this group(82#)had severe chronic CHP which was 
deteriorating despite optimal doses of dlgoxin and diuretics* 

The control group consisted of 22 patients out of 
which 13 were of valvular heart disease, 3 of ischemic heart 
dlsease( IHD) , and 2 each of congestive cardiomyopathy and 
cor-pulmonale* Group B had 2D patients ^f which 11 were of 
valvular heart disease, 6 of IHD and 3 of hypertensive heart 
failure*The other study group, group C consisted of 21 cases 
of valvular heart disease and a single cases of congestive 
cardiomyopathy* 

All cases were subjected to detailed Interrogation 
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and clinical examination . The history of previous decongestive 
treatment was enquired in detail .Etlologl cal diagnosis of 
congestive heart failure was confirmed by relevant 
investigations. 

Severity of congestive heart failure at the initial 
examination was assessed by noting effort tolerance and the 
patients were grouped on the basis of NTHA classification* 

All patients had their routine blood(Hb,TLG,DLC»ESR) and 
urine aaalysls( routine and microscopic) , blood urea, serum 
creatinine, blood sugar( fasting & post prandial), serum 
cholesterol, and SGOT»SGPT if required, done* X-Ray Chest and 
EGG was taken in every case. These investigations were repeated 
to monitor the prognosis as and when required* 

The dose of captopril , employed was 31*25 mg/day 
on an average and ranged from 6-25 mg to 75 mg/day .The drug 
was started with low doses and built up according to response 
and the side effects observed.patient s were asked to report 
about any side ef i'©cts(nausea, vomiting, diarrhoea, headache, 
palpitation, postural giddiness, skin rash)if they ever 
experienced then* The dose of captopril was adjusted if 
required to produce the optimal response and to avoid adverse 
reactions*The patients of the control group redeved only 
digoxin and dluretics.The dosage of these drugs were adjusted 
according to the need of the patients* 

The response to treatment was noted by observing 
the following parameters initially daily and then at week&(wi 
interval.The data obtained was recorded on specific proforma 
(appendix I) designed for the purpose of analysis and evaluation 
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of the results* 

HY1A Class : Patients were graded according to HYHA(Hew York 
Heart Association) classification, 

Sa.am.ls Patients with cardiac disease but with no limitation 
of physical activity * Ordinary physical activity causes no undue 
dyspnoea, anginal pain, fatigue or palpitation. 

Class II : Patients with slight limitation of physical activity. 
They are comfortable at rest and with mild exertion* They 
experience symptoms only with more strenuos grade of ordinary 
activity. 

Class III : patients with marked limitation of physical activity. 
They are comfortable at rest but experience symptoms even with 
milder forms of ordinary activity. 

Class IV : Patients with inability to carry out any physical 
activity without discomfort. Symptoms of cardiac insufficiency 
may be present even at rest and are intensified by activity. 

2k lour Urinary output j Patients were asked to collect their 
urine of 2k hours from the first day measured initially daily 
and later on at weekly intervals. 

Weights Weight was recorded to the nearest 0.5 kgs by using 
adult type of weighing machine • Same machine was used for 
subsequent follow-up to minimise instrumental error. 

Heart Rate: The heart rate was recorded by auscultation at the 
chest directly .Duration of 1 minute was used for the record. 

SOloed pressures This was recorded by mercury sphygmomanometer 
In lying sad sitting position and in both upper & lower llnhs 
if needed* 


JVPs Jugular venous pressure was measured with patient propped 
up in bed in bed with his trunk, neck and head being in straight 
line and Making an angle of if 5° with the bed*Light was allowed 
to cone and fall down on the neck tangentially*! scale was 
kept from the point of highest pulsation in internal Jugular 
wain on right side towards manubrium stemi. Another scale was 
kept vertically from the angle of Louis* Vertical height of 
later scale in centimetres below the horizontal scale was 
taken as JVP. Depending on situation JVP was measured in other 
position also like 60° & 90°. 

Liver size: Liver was measured in centimetres below subcostal 
margin in the mid-clavicular line. 

Oedema: Oedema was recognised behind the malleoli of tibia and 
fibula of ambulatory patients and on sacrum who were confined to 
bed* Pressure of the finger was maintained for 30 seconds and 
pitting was noted* 

Basal creptsiThe lungs were examined for crepts by way of 
auscultation and monitored to see the effect of therapy on them * 

Heart size: All patients had at least 2 X-Rays of chest done 
dusting the period of hospi tali satlon, one shortly after 
admission and other Just before hospital discharge or during 
follow-up*! f the patient was serious the X Say film was taken 
in supine position but otherwise most of the films were exposed 
with the patients in upright position after inspiration at 6 
feet distance* Cardiomegaly was assessed from the film by the 
cardiothoracic ratio# defined as the ratio between the transverse 


diameter of the heart and internal diameter of the chest.The I 
transverse diameter of the heart was obtained as the asm of 
the widest portion of heart from the right to the left border 

| 

of cardiac silhoutte at the aidline, internal diameter of the fl 

chest was taken as maximal internal thoracic dimension taken 1 

at the level of the highest point on the left hemtdiaphragm* | 
CT Ratio above 0.5 was considered abnormal* f 

Pulmonary venous congestion on chest X Ray was graded* " 
Grade Qa tHo pul mon a r y venous congestion* j 

Grade I- pulmonary venous hypertension defined as greater diameter 
of upper compared to lower lobe pulmonary vessels(film was taken 
in upright position) *if the film was taken in supine posture, s 

it 

then pulmonary vascular redistribution and either peribronchial fj 

1 

cuffing or loss of right hilar angle were taken as grade I* § 

1 

Grade II : Interstitial pulmonary oedema defined as loss of " 

pulmonary vascular marking in association with kerley B lines* 
Grade Ul iLocalised alveolar oedema defined as confluent alveolar 
infiltrates in perihilar area and lower lung field* 

Grade IV : Diffuse alveolar oedema defined as diffuse confluent 
alveolar infiltrates throughout most area of both lung fields* 

Clinical follow-upsThe dosage of captopril was kept constant at 
discharge and patients were asked to attend the medical OPD 
for their evaluation at weekly intervals regularly. All the 
possible complicating events like side effects and drag toxicity, 
response to therapy (improvement/ worsening of CHf$ and death if 
it occurred were recorded* 

# 

### 
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Uh© period of the present study extended from 
August 1986 to July 1969 , A total of 64 patients of CHF were 
observed during this period, The patients were put into three 
group® - A»B & C* Group A comprised of 22 patients and served as 
the control group, The patients of this group reclewed conventional 
decongestive therapy in the fora of dlgoxin and diuretics.Out 
of these 22 cases, 9 were males and 13 females, The average 
duration of CHF was 1*30 year a (range 0*08 to 8 yrs)„In group 
B,on© of the study groups, 20 patients out of which 8 were males 
and 12 females were studied. The patients of this group recieved 
captoprll and diuretics for the treatment of their CHF* All 
these cases were in sinus rhythm and dlgoxin was not given to 
these patients* The average duration of CHF in this group was 
1*15 y ear s( range 0*02 to 5 yrs)*In group C,the other study 
group, 22 cases were studied* Out of these 13 were males and 9 
females. The average duration of CHF in this group was 2*69 y ear® 
(range 0.04 to 8 yrs)*18 of thee© caes had already hem on 
digoxin and diuretics for an average duration of 10 months 
and were poorly controlled with such therapy • Captopril was 
used as an adjuvant drug,i.e*,in addition to dlgoxin and 
diuretics, for the treatment of CHF in^his group* 

The age and ©ex distribution of the cases of 
the control and study group© is shown in table I. In group A, 
the age ranged from 15 to 62 years(average 39*3 yz's) ,and from 
20 to 65 years( average 42*2 yre) & 10 to 62 years( average 
33*18 yrs)ln groups B & G respectively. 



Group A Group B 

M F T M F T 


TOTAL 


T=TQ tal ; M*Male ; F*Feiaal© 


The diagnostic break-up of cases is shows In table 
II* A significant number of case® were of valvular heart disease 
(15*11 & 21 in groups A»B & C respectively) followed by lacfceaic 
heart diseaseQ & 6 ingroups A & B)*2 cases of congestive 
cardiomyopathy were studied in group A and 1 in group C*3 ease* 
of hypertensive heart failure were studied in group B,aad 2 cases 
of cor-^ilBumele In group A* 


Distribution of cases of control & study groups according to etlol 


s*m 
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Fuxtli#ir break-up of the cases of valvular heart 
diseases is depicted in table III *The most common lesion was 
xaitral stenosis aloae or ia combination with mitral regurgi tation* 

TABLE III 

Distribution of case® of valvular heart disease according to 
the type of lesion ia the control aad study groups. 


S.Mo*- Type of lesioa 


Mitral stenosis 


Group A 


Group B 


Group C 


Mitral regurgitation 

Mitral stenosis 
♦ 

Mitral regurgitation 
Aortic valve disease 
Multi valvular disease 


TOTAL 


The therapeautic response during short tena(l to 4 | 

weeks) observation in term® of the effect of treatment on various | 

objective parameters monitored is depicted for groups A»B & C I 

in the tables IV* V & VI respectively *The response was observed 
objectively in the for® of average increment in urine output, 
reduction In weight,change(d8creases)in heart rate sad blood 
pressure, decreases in J¥P(Jugular venous pressure) and liver else* 
relief in pedal oedema and in pulmonary rales* decrease 1m heart 
sine and pulmonary venous congestion on X-Ray Chest; and aynptosetlc 
improvement in Effort tolerance* 
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JVPsJugular vqhqus pressur# 


1 « Urine output 

450-1200 

1 100—2000 


ial/24 Jxr® 

866*54*-06#9 

1417*5+187.9 

+551 

2* Weight 

37*5*58 

36*57.4 


Kgs 

47*745*4 

46+5*6 

*1*6 

j». Heart rate 

96*132 

72-104 


boats/mt 

104*94.11*9 

87 . 848,1 

*17* 1 

4* Blood pressure 

100*190 

•96-160 


systolic 

127,44,26.5 

118*3+15*7 

- 9. 1 

aa of Hg 




Blood pressure 

30*120 

30-100 


diastolic 

77*7+8.9 

72.9+15*3 

— 4*8 

a® of Eg 




6. JVP 

4*12 

4-12 


cms 

6.8+2. 5 

4*641 * 2 

-2*1 

7* Liwr size 

0*3 

0*6.5 


erne 

2.94,2*3 

i 1*041*4 

-1*8 

3 • Car dio thoraci c 

0,47*0*73 

0*40-0*71 


Ratio 

0*59+0*0? 

0*574.0*07 

-0.0 


(ct Ratio) 


• 0*02 



1 


Urine output 
al/24 hrs 


450-1200 
1006 *%; 121 *4 


900-1650 

1306 . 6 + 204.1 


+300 . 


2# ./eight 

33-72 

31.8-67.8 


Kgs 

50 . 2 + 11.3 

48.4+10.9 

-1.8 

3* Heart rat© 

66-152 

66-1 10 


beat s/m t 

104 * 3 + 22.5 

89.2+14.8 

-15.0 

4. Blood pressure 

90-140 

84-130 


systolic 

113 * 3 + 13.4 

109 . 6 + 10.8 

-3.7 

am of Hg 

5. Stood pressure 

30-90 

40-82 


1 diastolic 

71 * 5115.1 

70 . 2 + 11.0 

—1.2 

am of Hg 

6. JVP 

4 - 15.5 

; v 4-12 


mm 

9 . 1 + 2.8 

5. 1+2*3 

- 3*9 

7* Liver sise 


\ 1-8, 


pmat 

'6*%;2»5' 

2.7+2. 1 

-3.5 

8* Cardiothoracic 

0 . 46 - 0.80 

0.43-0.74 


Ratio 

0.63+0.09 

0.59+0.08 

—0*04 

(CT Ratio) . \ . ' v ' 
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TABLE VII 

Eff#efc of tfesrapy oa HTSA Class In the eoatrol md stud y groups 
oa short t*rm( t to % seeks) obs#r*atlo» * 


STM Class 


KOftOf pa tlsnta 

Gromp A 

I* IT* 


No. of p&tleats lo*of patM 
iromp B Qroap G 

I* II* I* 


0 

9(45*) 

0 13(59*) 

303%) 

) 11(55%) 

3(15%) 9(41%) 

15(68%) 

0 

8(40%) 0 

4< 18%) 

0 

9(45%) 0 


I**Bsfor« thsrapar i II*«Af tsr therapy 


TABLE VIXI ■ 

Effect of therapy oa the iaproTsasat achieved la ifYHA Class la 
ths eoatrol sad study groups oa short tend to 4 weeks) 

w BwmWWmwM&mm 


Group Good luprovsssftt Fair improveaent 

{ improvement hy 2 or mors (liaproifsasai % 1 RU 
nu crates) grate) 




EFFECT OH URINE OUTPUT: 
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The average urine output in the control group at 
the time of inclusion in the study was 863.3+212.2 ml(raage 
430-1250 ml), and increased to an average of 1256.8+179.6 ml 
(rang© 900-1600 ml) after therapy. The corresponding values in 

cases of group B, recieving captopril and diuretics were 

1 

866.5+206.9 ml (range 450-1200 ml)and 1417.5+187.9 ml (rang© 

1 100-2000 ml). In group C,the average urine output of 1006.8 
+ 121.4 ml (range 450-1200 ml) be for© therapy increased to an 
average of 1306.8+204* 1 ml (range 900-1650 ml) after therapy. 

Thus the average Increases recorded in these groups A,B & C 
on short term observation were +393*1 ml, +551 ml and +300 ml 
respectively. An inceases in urine output was recorded in all 
the cases of each of these groups. 

EFFECT 01 WEIGHT: 

In the control group( A) , the average weight at th© 
time of inclusion in the study was 46.6+9.4 kgs (range 32-64.8 
kgs) .This was reduced to an average of 45*5+9.7 kgs (rang© 30*6 
-64 kgs) after therapy, the average reduction in weight being -1*3 
kgs.ln group B,th® average recorded reduction in weight was -1*6 
kgs.Th© weight reduced from an average of 47*7+5*4 kgs before 
therapy to an average of 46+5.6 kgs after therapy .The rang* of 
weight In these were 37*5-56 and 36-57*4 kgs respectively. In th© 
cases of gr$up C*the average weight of 50*3+11.3 kgs( range 33-72 
kgs) before therapy was reduced to an average of 48.4+10.9 k®» 
(range 31*8-67.8 kgs) .The average reduction in weight la this 
group was -1*8 kgs. 
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A reduction in weight was seen in all the casos 
of group A* 1(5$) cases of group 3 and 1(4*5$) cases of group C 
did not record a reduction In weight* 

EFFECT 021 HtAftT RATE * 

In the control group, the average heart rate at the 
time of inclusion in the study was 1 04 • 6+ 1 6* 8 ( range 70*140) 
heats per minute, and after therapy in the short term was 
decreased to an average of 94*4*1 1*9 (range 76-1 1 6) beat® per 
minute, the average decrease being -10*1 heats per stiLnute.lm 
group 5, the pre-inclusion average heart rate of 1Q4*9+,11*9 
(range 96-132) heats per minute was decreased to an average of 
87*6+0* 1( range 72- 104) beats per minute after therapy .The average 
decreases in heart rate was -17*1 heats per minute* In cases of 
group C,the heart rate decreased to an average of 89*3+14*6 
(range 66-110)beats per minute after therapy, from a pre-inclusion 
average heart rats of 104* 3+22*5( range 66- 152) beats per minute* 
The average reduction In this casts was -15 heats per minute* 
1(4*5$) cases of the control group did not show reduction in 
heart rate,in this cases the heart rate actually Increased* 

Z cases of group c also did not show a reduction in heart rate, 
.-in 'one of these the heart rate was found to increase and in' the 
other it showed no alterations a singled) case of group B 
no change in the heart rat# was seen* 

EFFECT Oil BLOOD PRSS30ES : 

In group A, the average systolic blood pressure at 
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the time of inclusion in the trial was 107*8+13 ®mof Hg( range 
90-140 mm of Hg)*This showed an insignificant small rise to 
an average of 108* 1+6 am of Hg( range 90-150 a® of Hg) , the 
average rise being +0*37 mm of Hg*?he pre-inclusion diastolic | 
blood pressure average of 70.1+13.3 mm of Hg( range 40-84 am of 
Hg)also showed a small or rather minute rise to an average of j 
70*2+9 am of Hg (range 50-86 bub of Eg)* the average change being 
+0*09 mm of Hg* 

In group B* 4(20%) patients had raised(i*e. , greater 
than 140/90 mm of Hg) blood pressure at the 'outset. The systolic 
blood pressure in these cases ranged from 150-190 mm of Hg with 
an average of 172* 5+17*8 mm of Hg,anct the diastolic blood pressure 
ranged from 90-120 mm of Hg with an average of 105+.11*! mm of Hg* 
In non-hypertensive patients of CHF,the systolic blood pressure 
ranged from 100-140 mm of Hg( average 116*1+12*9 mm of Hg)and the 
diastolic blood pressure from 30-90( average 70*8+ 13* 6) mm of Hg 
before therapy. In the hypertensive patients after therapy, the 
systolic and diastolic blood pressures came down to averages of 
1 38 + 19 . 8(range 106-l60)mm of Hg,aad 87*5+ 16*3( range 60-100)mm of 
Hg respectively. The blood pressure normalised in two of these 
4 hypertensive cases* Thus in cases of these 4 patients an 
average decrease of -34*5 mm of Hg in the systolic blood pressure 
and -17*5 mm of Eg in the diastolic blood pressure were noted* 

In the non-hypertensive patients, the average systolic and 
diastolic blood pressures at the time of inclusion in the study 
were 1t6*1+12*9(range 100-140)am of Hg and 70.8+1 3*6< rang* 
3G-9G)aa of Hg respect! vely.V/ith short term therapy these wars 
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B®wk to fall to averages of 113* 3+9* 5( range 96*130)aua of Hg 
systolic and 69#2+12*6(rsag@ 30-9Q)*a of ig dlasiolic.Thus the 
average decreases sees in the systolic and diastolic blood 
pressures amongst the non-hypertensive patients of group B wore 
-2*8 & -1*6 am of Hg respectively. 

Xa group G f the average systolic blood pressure at 
the time of inclusion in the trial was 1 13*3+1 3*4(range 90-140) 
am of Eg* and the diastolic blood pressure 71*5*15*1 (range 30-90) 
a® of Hg*After therapy on short term observation the average 
systolic blood pressure was 109*6+ 10. 8 (range 8V130)«H of Hg 
and the average diastolic blood pressure 70*2+11 (range 40-82) 
a® of Eg* The average recorded reductions in the systolic and 
diastolic blood pressure© thus were -3*7 and -1.2 aaa of Hg 
respectively* 

The blood pressure was sear to Increase in 9(41%) 
cases of group A and fall in 7 (32%) cases, in the remaining no 

significant alteration was Been. In group B,the blood pressure ■ 
was found to decrease in 13(65%) ca©as,lncrease in 5(25%) oases 
and remain unchanged in the remaining 2( 10%) cases* The blood 
pressure increased ia 7(31%) cases of group C and decreased in 
1 1(50%) cases, while it did not show any change in the rest* 

EFFECT OB JUGULAR VENOUS PRESSURE: 

In the control group, the average JVP was 7*0&2*3 o®» 
range 4-11 eais)at the time of inclusion in the study, on short 
tem,after therapy, this decreased to an average of 4*7* 1*3 «■* 
(range 4-8*5 cna),the average noted decrease being -2.3 
In group B»the JVP was found to decrease from an average of 
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6* $+2# 5 C!a «( range 4-tG ©as) to an average of 6+.1 • 2 CK&(range I 

if-10 cm») , the average fall was -2*! caa.Iu group C*the initial | 

| 

average JVP of 9* 1+2»8 cms( range 4*" , 15*5 ftM © ) decre as ed to an 1 

average of 5* 1+2*3 cms( range i*-i2 caa) , the average fall being 
-3*9 ons* 

Diwittg abort ter® observatioa JVP was showing a 
decrease ia 6(27#} cases of group A while it normalised in 15(68#) 
cases* la group B»the JVP decreased ia 5(25#) while it became 
normal ia 9(45#) cases, 21 (95%) cases of group C retried a fall 

of JVP while la 14(63*6#) cases it had become normal* 

EFFECT ON UVER SIZE: 

The average liver size(as measured ia centimeters _ •' 
below the subcostal margin la the right ml 4- clavicular Has) was 
2*74,2* 1 cas( range' 0*7 cos)la case of group A.Thls got reduced after 
therapy to an average of 1*1+ 1*2 css( range 0-4*5 csa*) # th© average 
redaction la Siver else being -1*5 cms*ln group B,the average 

• A 

liver else of 2*91.2*3 cas( range 0-3 mm) max reduced to an average 
of 1+1*4 cms( range 0-6*5 cma),the average noted decrease being 
-1*3 cats* Group C showed an average decrease of -3*5 exas where an 
average pre-inclusion liver size of 6*2+2*5 cms( range 3*12*5 has) 
was reduced to an average of 2*7+2* 1(range i-3)cms*0nly 2 cases of 
group 0 did not exhibit a decrease In liver slze.Hepatosegaly 
regressed to sa Impalpable liver la 8(36*3#)* 5(25#) and 5(4*5#) 
cases of the groups A»B & C respectively* 

EFFECT 0» HEART SIZES 

The average CT Ratio of 0*56+p*07(rsag» 0*44*0*76) 
decreased to an average of 0*54+P*§?( range 0*4>-0*73)nfter therapy 
In case of group A, the average decrease being -0.02.In group B.the 
average pre-lneluslon CT Ratio of 0*59±P*0?( range 0*47-0*73)w«* 
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reduced to an average of 0*^7 +0*07 ( range Q* 40 **Q ,7 1 ) After t he ra py 
during etort term observation. The average reduction In h ear t 
else was -0.02.In case of group 0* an average reduction ef~0*O4 . 
eas noted la the heart dse.Here the pro-inclusion average heart 
else was 0*6^+p»09( range G*4$-G,8Q)and after therapy 0*59+0*08 
(range 0*43-0*74) • A reduction la heart else was observed In 
19(86*3#) • 18(90$) and 21(95#) cases of the groups &»B & C 
respectively* 2 cases of group A did not show any change la heart 
else while in t case the else increased sligatiy§2 cases of 
group B and I case of group C did sot reveal any alteration in 
heart else* 

EFFECT OB PSDAL 0EP3MA : 

1m the control group, andean was present in 14(65*6#) 
cases at the tine of Inclusion In the trlal.it subsided totally 
In 85# of these cases and was reduced In rest of the subjects*, 
in ease of group B»oedena was present In 13(65#) cases and 
disappeared in ?6# of these cases with treatment during short 
tern observation, in nil the other cases it was reduced la 
severity* In cases' of group C, 20(91#) cases had pedal sedans at 
tbs tine of inclusion Into the study . m ss&ppear ance of oedena 

a ■ 

was seen la 85# of these patients after therapy t while In others 
except 2 of the cases the oedena was lessened* 

EFFECT Oil BASAL RALES : 

Basel rales were present In all the cases of the 
groups l«B & C*A decrease In crepts was observed in 15(68#)* 
and 10(50#? & 11 ( 50 #) case® of these group® respectively* Crepts 
completely disappeared In 6 (27%), 9 (45#) and 7(31 *8#) cases of 
these groups respectively* 
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EFFECT OH EFFORT TOLERAHCE: 

la tii« control group, tii«r® were 13(59$) earn la 
XTEA Class III and 9(41$) cases la NTHA Class IV. Hone of the patient 
was la NTHA Class I or II.After therapy*in the «hort term, 

15(68%)of the cases were seen to fall ia HTHA Cla8sII»4( 18%) 
ia NTHA Class I and 3(13* 6$)la NTHA Class II I .Hone of the cases 
remained ia NTHA Class IV* 11 (50%) of the patient® were sh owing 
good improvement la the for® of improvement ia HTHA class toy 
2 or more gradee,while 10(45* 5%)had shorn fair iaproveaent ia 
the form of improvement in HIM Class toy one grade.Gnly 1(4.5$) 
case® who was ia NTHA Class IV did not show any bensfit* 

la cases registered ia group 8,1 1(55$) ears la 
HTHA Class III and 9(45$)ia HTHA Class IV.loae of the cases 
was in Class I or II.After therapy , 9 ( 45$) patients had come ia 
NTHA Class I,8(40$)ia Class 1 1, while 3C 15%)ia HTHA Class III* 
14(70%) casss were showing good improvement ( reduction ia NTHA 
Class toy 2 or more grades) and 6(30$) improved £airly(by 1 HTHA 
Class) .Thus all the patients exhibited improvement ia Effort 
tolerance in this group* 

13(59$)of cases of group C sere ia NTHA Class If 
and 9(41$)ln HTHA Class III at the time of inclusion ia the 
trial* with therapy ia the short term, 12(54$) cases were seen 
to fall in HTHA Class II,8(^%)ia NTHA Class 1 aad 2<9%)ia 
NTHA Class IlX*15(6$$fc>T these had Improved toy 2 or aore HTHA 
grades(good improvement) while 6(27%) toy 1 NTHA Claas( fair 
improvement)* A single case who was ia Class IV did aot shoe 
any betterment* 
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It i £ evident from tables IV-V1II that there was 
no significant difference in various parameter® after therapy 
among the different etiological types of heart diseases 
leading to CHF when the values obtained with short term 
treatment in the control and the study group A are compared* 
However.in group B that recievedcaptopril sad diuretics, the 
average increment in urine output was greater by about 160 ml 
per 24 hours than in group a reclevlng digoxin and diuretics* 

A leaser Increment in urine output (300 al/24 krs)was noted in 
group C.The average increment in urine output was statistically 
aignificaat(p<0*001)in all the groups* 

The average reduction in heart rate was greater 
by about 7 beats per minute in the group redeving captopril 
and diuretics as compared to the control group* Seduction in 
heart rate was more by about 3 beats per minute in case of 
group C when compared with the controls* The average reduction 
in heart rate was statistically significant in all the 3 groups 
(p<$*001 Gp A,p<0*01 Gp* & p <0*023 Gp A). 

A very small increase was observed in the blood 
pressure in the control group while the study groups showed 
slight decrease in the average blood pressure. The average changes 

recorded in blood pressure in all the three groups wer found 

* 

to be statistically insignificant* 

A greater reduction was seen in JVP on an aversgs 
in group C as compared to the other two groups. The average 
reduction in this parameter was also statistically significant 
(p<0*00t)lm all the three groups.The liver else also showed a 
greater average reduction in case of groupd*The average decrease 
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ia liver sUe was also significant s t atl c ti tally ( p< 0 . 00 1 ) in 
groups ft & 6, and also ia the case of group p< 0 * 005 )# 

Reduction ia heart sis© was observed ia ail th • 

3 groups*This was comparable ia groups A 9t B» while it was 
greatest ia patleats recieving all the 3 drugsCdigoxta, 
diuretics aad captopril ),!*«,, group c.The average reduction 
ia heart Bias was statistically significant ia group C(p<0*05) 
only* 

The patleats of the study groups improved their 
MBA Class better as compared to the controls* The improvement 
in Effort tolerance was appreciably striking ia case of group 
B that did not red eve di go xin* an a in which captopril was used 
as an alternative to this drug* 

The tables IX-yill show the effect of therapy on 
the various objective parameters monitored la eases of groups 
A t B Sc C during long tsra(aors thaa k weeks) observatloa.Ths 
average duration of observation ia follow-up was about 10 
weeks* 

The average increment in urine output tended to 
remain greatest in case of group B*The average reduction in 
the heart rate was again more marked la the patients redevtng 
captopril •either along with diuretics or with both dtgoadn 
and diuretles.The decrease® obtained ia the average liver 
size and the JVP were aaxtmua la the group redevlng all the 
3 drugs.lt is noteworthy that 1b(52$)oi case® of group C had 
shown resistance to therapy dth digoxin & diuretics* 
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in xong 


14(63*6%) c sees of group A wer® showing good 
improvement l»e M reduction la HULA Class by 2 or nor® grades, 
while 7(31*8%) *«rs shoving falr(laproveffl«at by 1 NTHA Class) 
b#n#flt#in group B,the improvement la KTHA Class vas good for 
9Q%( 18} cases while the rest 1G%(2)of the patients had Improved 

fairly »Thu© the improvement vas strikingly appreciable sad 

T 

sustained la terms of systematic improvement la effort tolerance* 

A 

Any deterioration vas not noted in all those cases that had 
initially responded to treatment with captoprll during long 
term observation. in cases of group C» 16(63*6%) patients shoved 
good improvement in USA Class while 5(22*?%)of the patients 
revealed fair improvement in NTH A Class during long term 
observation* 
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1? ABU IX 

Effect of therapy on various parameter® in cases of the control 
group (group A)oa long ter»( > 4 weeks) observation* 


s# 

Ho. 

Objective 

parameter 

Before therapy 
Range 

Meaa+SD 

After therapy 
Range 

Mean+SD 

Average 

QUMgl 

1. 

Brine output 

450-1250 

1100-1600 



aX/Sh Mr® 

863*6*21 2. 2 

1370.0+142.7 

+506.3 

Si* 

Weight 

32*64.8 

30*6-64 



Kgs 

46* 6*9 *4 

44.9+9*8 

- 1*7 

3. 

Heart rate 

70-140 

76-116 



be&ts/axt 

104*6+18.8 

9 1*8.+ 10*4 


4. 

Blood pressure 90*140 

88-130 



systolic 
®tm of Hg 

107.8+13.0 

108.4+13.5 

+0*64 

3. 

Blood pressure 40-84 

30-80 



diastolic 

BUB Of Hg 

70.1*13.3 

68.8+9.9 

-1.3 

6* 

JVP 

4-11 

4-10.5 



CUlB 

7 *0+2. 3 

4.311.3 

e»2#6 

7. 

liver sine 

0**? 

1 

0-4.5 

0.75+1.4 

- 1.9 

8. 

CT Hallo 

0.44-0*76 

0.56+0.03 

0.43-0*71 

0*53+0.07 

-0*03 



1* 

Briae output 

450—1 200 

1100-1800 



al/24 Jura J 

3b6. 5+206.9 

1480+1 12.2 • 

♦415*5 

2* 

Weight 

37*5-58 

36-3? 



KgB 

47*7+3.40 

43*6^5,? 

-2.0 

3*F 

Heart rut® 

96-132 

76-102 



b«at*/»t 

104*9t1t.9 

84*8+8,10 

—20. 1 

4* 

Blood preasur® 

too* 190 

100-154 



systolic, 
am of Me 

127.4+26.5 

121.0*15.4 

— 6*4 

5* 

Blood preesur® 

30-120 

40— 96 



diastolic 

am of Hg 

77*7+8*9 

?2.4® 12*2 

-5*5 

6. 

*rrp 

4-12 




cam 

6.*8+2*5 

4+p 


?. 

Ltv«r ads® 


0-4*5 




2.91.2+3 

0.32iP*6 

- 2.6 

I* 

cr mu® 

0.47-0*73 

0*5^0.07 

0.40-0.70 

O*56+p.07 

-0*05 





Sm 

Ho. 

Objective 

Parasater 

Before therapy 
Bangs 

Meau+SD 

After therapy 
Range 

Meaa+jSD 

IfiMH 

Chang* 

1 * 

Uria# output 

430-1200 

900-1650 



al /24 to« 

1006.8+121.4 

1404.7+202*3 

+397*9 

2* 

Weight 

33-72 

30*68.5 



Ess 

50*2+11.3 

48.5+10.8 

—1.6 

3* 

Start rata 

66-152 

64-112 



beats/at 

104.3+22.5 

8 9.2+14.8 

- 17.3 

4* 

Blood pressure 

90-140 

90-140 



systolic 
mn of Hg 

113*3113.4 

109.7+11.6 

- 3.6 

3* 

Blood pressure 

30-90 

30-96 



diastolic 
aim of Eg 

71*5+15*1 

69.7+10.7 

—1*8 

6* 

jmp 

4-15*5 

4-10*5 



ess 

9* 1+2.8 

4. 5+1*7 

-4*5 

7. 

liver stae 

>12.5 

0«*|| 




6.<^+.2*5 

1.8+ 1.8 

- 4.4 

a# 

CT Batio 

0.46-0.80 

0*63+0.09 

0.43-0.74 

0.59+0*08 

-0.04 
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table 


.XII 


Effect of therapy oa the NYHA CQUMM( Effort tolerance) during long 
term observation in the control and study groups. 



RfHA 

NO .of patients 


class 

Group A 


I 'l 1 


I* 

II* 

1 

ll'S; ; 

II:, 

IV 

9 ( 41 $) 

G 

f ! <; 

lli-I : 

|||,: 

III 

13 ( 39 $) 

2 ( 9 $) 


II 

0 

13 ( 59 %) 

|j| ' 

I 

0 

7 ( 32 $) 


No. of patients 
Group B 

I* II* 


Ko.of patients] 
Group C 
I* 


9 ( 45 $) 

n<55%> 

0 


o 13(59%) 

o mm 

ac *Q%> © 

12 ( 60 $) 0 


t0(£f 

»{i< 

n 


I*»Before therapy; II*« After therapy 


TABLE 


XIII 


Effect of therapy oa the Improvement achieved la WTHA dams la 
the coatrol sad study groups oa long i®rm( > % weeks) observation. 


i 

ffiPflttip 

Good Improvement 
(improvement by 2 ©r more 
NIBA grades) 

Fair improvement ! 

improvement by I NIB 

pads) -A 


A 

B 

C 


63.6$ 

<m 

7J >J?2sL 

f wNii f e&py 


31 . 6 $ 

10 $ 

&a$ 


I 



VERAGE INCE 
RUE OUTPUT 
1/24 hours 


P/4 3 


MULYIPLE BAR DIAGRAM' SH' 
AVERAGE INCREMENTS' IN U: 
OUTPUT IN THE CONTROL. A 
STUDY GROUPS'- WITH THERA 


SHORT TERM LONtf TERM' 

(1-4 v/ks) ■ (>4v*s) 

—DURATION OF' TREATMENT - 1 




CONTROL GROUP 





MULTIPLE BAR 33IAGBAM' SH6.te|fdt 
AVERAGE DECREASES IN HEART 
$ATE .IN THE .CONTROL' AND' 
STUDY GROUPS WITH TIIERAl f 



SHORT TERM LONG TERM' 

( 1.«4 wise) (? y 4, wke)) 
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table XIV 

Effect of therapy on various parameters la cases of valvular 
heart disease of the control group(A)oa short term observation* 


s. 

Hu* 

Objective Before therapy 

Parameter Range 

Meaa+SD 

After therapy 
Range 

Hean+SD 

Average 

Change 

1# 

Brine output 
ml /24 hrs 

450-1250 

896*6+231*9 

950-1400 

1226.6+120.9 

+330 


Weight 

Kgs 

32*59 

46»(Sh^7 *5 

30.6-58.2 

45.4+7.6 

-1.1 

3* 

Heart rate 

teeats/mt 

70-140 

99*7+20*5 

76-116 

90.5+10.7 

-9.2 

4 

4# 

Blood pressure 
systolic 

Him of Hg 

9%*140 

106.6+13*7 

90-150 

. 110 * 4 + 15.9 

+3*7 

5* 

Blood pressure 
diastolic 
mm of Hg 

40-^6 

68+14*8 

50-86 

70.8+10 

+2.8 

6« 

JVP 

cms 

4-12 

7*312.5 

4-8.5 
4*8+ 1*3 

—2*4 

7. 

liver size 

c»»e 

0-7 

2* 8+2*0 

0-4.5 

1.0+ 1.2 

—1*8 

d* 

CT Ratio 

0.44-0*76 

0.53+0.08 

0.43-0.73 

0.53+P.08 

—0.02 
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table 


XV 


su 


.ffect of therapy on TarLoos parameters in oases of nlfulsr 
heart disease of the control group on long t#m{ > 4 seeks) 
observation. 


s* 

no. 

Objective Before therapy 

parameter Bangs 

Mee»+SD 

After therapy 
Range 
Mean+SD 

Average 

Owaage 

1* 

Urine output 

450-1250 

1100-1500 



iil/2% bra 

896.6+231*9 

13464+120.9 

+450 

2m 

Weight 

3&-59 

29.4*59 



Kg© 

46.6+?.5 

45+8.0 

—1.6 

3* 

Heart rate 

70-140 

70-116 



beets/mt 

99.7+20.5 

89.3+11 ■ 

-10.4 

%• ■" 

Hood pressure 

90-140 

88-130 



systolic 
aw of Hg 

106.6+13.7 

110.6+12.5 

+3.9 

5. 

Blood pressure 

40-86 

30-80 



diastolic 

MS of Bg 

68+14*8 

68.9+11*3 

+0,93 

6* 

JVP 

4-12 

4-10.5 



ms 

7.512.5 

4* 5+1*6 

-2.7 

?. 

liver sine 

0-7 

0-4*5 



ms 

2.8+2.Q 

0.6+1. 3 


S» 

CT Ratio 

0*44-0 *-7 6 

0,55+0.08 ■ 

0.42*0.71 

0*554P*08 
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TABLE XVI 

Effect of therapy oa various parameters la cases of valvular 
heart dleeaee la group B on short ten*, to 4 .«eh.)obs.ratlo». 


m 


s. 

Ho* 

Objective Before therapy 

Parameter mrng® 

MeoetSD 

After therapy 
Range 
Meaa+SB 

Average 

1. 

Urine output 

6oo-iax> 

1130-2000 



ml/24 hrs 

900+214.2 

1418+212*4 

+518 

2* 

Weight 

37.5-54 

' 34-33 



Kgs 

44* 8+4* 6 

45*3+4*6 

— 1<*4 

3. 

Heart rate 

08*132 




bs&ta/ut 

104+12*7 

83*7* f 

-10*9 

4* 

Blood pressure 

100*140 

94-130 



systolic 
am of Sg ~~ 

117+13*2 

114+9*2 

-3*0 

5* 

Hood pressure 

30-90 

30-90 



diastolic 
an of Bg 

69+13*7 

67*8+14*8 

-1*2 

6* 

JVF 

4-12 

4-8 



OKS 

7* 7+2*7 

4*9+1 *6 

-2.8 

7* 

LlVSr «rf- aa 

0-8 

0-6.5 



eats 

3*?+2*4 

0-73 

1.3+1.8 

s»jj^p ||£ 


Of Satis 

0*4?-&vf§ 

0*39+0*06 

0*44-0.71 

0*37+p*06 



TABLE 


XVII 
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Effect of therapy oa .various parameters in cases of valvular 
heart disease of group B oa loag term( > 4 weeks) observation. 


s. 

No. 

Objective 

Parameter 

Before therapy 
Raage 

Meaa+SD 

After therapy 
Range 

Meaa+SD 

Average 

Change 

1. 

TJriae output 

600-1200 

1200-1800 



ml/ 24 hrs 

900+214.2 

1490.9+142.7 

+590.9 

2 . 

Weight / 

37*3-54 

36-34 



Kgs 

46 • 8+4 • 60 

44.8+4*6 

~2#Q 

3. 

Heart rate 

88-132 

76-96 



beats/mt 

104+12.7 

82# 9+6 #2 

-21 # It 

4* 

Blood pressure 

100-140 

100-140 



systolic 
mm of Hg 

117+13*2 

118.9+11*8 

+1.8 

3* 

Blood pressure 

30-90 

40-86 



diastolic 

mm of Hg 

69+15.7 

68+12.3 

-no 

6* 

JVP 

4-12 

4-4 

-3*7 


cms 

7. 7+2. 7 

4+0 


7. 

Liver size 

0-8 

0—2.5 



cms 

3. 7+2. 4 

0. 5+0.7 

-3*2 

8. 

CT Ratio 

0.47-0.73 

0.44-0*70 




0.39+0.06 

0*36+0*06 

-0.03 
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TABLE XVIII 

Effect of therapy on various parameters ia cases of valvular 
heart disease of group c on short term(l to 4 weeks) observation* 


s. 

No* 

Objective Before therapy 

Parameter Range 

Meaa+SD 

After thowww 
Rang© 

Mean+SD 

Average 

Change 

t. 

Brine output 

450-1200 

900-1650 



ml/ 2k brs 

738*202*8 

1302*3+207.8 

+564*2 

2. 

Weight 

28-73 

25*5-67*8 



Kgs 

50*5+11*4 

49+10.9 

—1*5 

3* 

Heart rate 

64-160 

66-120 



beate/at 

104.2+23 

68*9+15*1 

— H5*3 

4* 

Blood pressure 

90-140 

84-130 



systolic 
mu of Eg, : 

112*9+13*6 

109+10.8 

-3*9 

5. 

Blood pressure 

30—96 

40-90 



diastolic 

m of Ig 

70*6+14*3 

69.6+10.8 

- 1*0 

6* 

J¥P 

4-15*5 

4-12 



«BI.« 

9.5+2.? 

5*2+j2*3 

—4 • 1 

7. 

Liver else 

>12.5 

0—8 



mm 

; 6*4£2*5 . 

2.%£*t 

« tt 

8# 

CT Ratio 

0*46-0*80 

0*62+0.09 

0.43-0.74 

0.58+0.07 



table 


XIX 
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Effect of therpey oa various parameters la. cases of valvular 
fceart disease of group C oa loag tera( > 4 weeks) observation* 


1 

e 

Objective Before therapy 

Parameter laage 

Meaa+SD 

After therapy 
Raage 

Meaa+SD 

tir bx&ubb 

1. 

Brine output 

450-1200 

900-1700 



al/24 hrs 

738&2Q2.0 

1397+204.6 

♦659*4 

2* 

j»K4» 
yiuM* jg'Efcer 

28-?3 

25-60*5 



Kgs 

50*5+11.4 

49*2^10*7 

-1*3 

3* 

Heart rate 

6%^160 

64-112 



baats/mt 

1Q4*%23 

66*4+19*6 

- 17*8 

4* 

Blood pressure 

90—140 

34-130 



systolic 
mm of Hg 

112*9+13*6 

109+11*4 

-3*9 

5. 

Blood pressure 

30-96 

40-90 



diastolic 
mm of Hg 

70*6+14*3 

69.7+10.9 

- 0.9 

6# 

J¥P 

4-15*5 

4-10.5 



CHS 

9*3t2*7 

4.5+ n ? 

-4*7 

7. 

liver size 

3-12*5 

0—0 



cats 

6* 4+2*5 

1*9+ 1*0 

-4*5 

8# 

CT Batio 

■ 0*46-0*00 
0.62+&.Q9 

0.47-0.74 

0.58+0.08 

- 0*04 



TABLE XX 

Eff«et of therapy oa various parameters ia cases of iechealc 
heart disease la the control gromp(i)oa short tei*( 1-4 seeks) 

observation 


S* Objective 
Ho* Parameter 


Before therapy 
Banft 
Mean+SD 


After therapy Avsrage 
Banj o 
Meaa+S£ 


1. 

prise output 
si/ 254 Mrs 

850-950 

9QO+40.8 1 


2* 


46-64*8 

Vi. 0-04 


K®c 

56*0+7*70 

55*9*0*0 

3. 

Heart rate 

100-124 

34-116 


heatc/st 

1 14*6+10*4 

100tl3*0 

4* 

Hood pressure 

96-12% 

96-123 


systolic 
am of Hi 

106*^fH»5 

103+14.2 

5*J$ Blood pressure 

70-70 

70-76 


diastolic 
as of Hi 

70*0 

72+2.* 

6* 

JfF 

5*5— 8*0 

JbeeJb» 


css 

6*6+1 *0 

4+p 

?. 

Liver else 


1-2ej 


we 

1§6 

1*1+1. 

8* 

CT Eatio 

0.53-0*61 

0*50- 



TABLE 


XXI 
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Effect of therapy on various parameters in. eases of lscheode 
heart disease la the eoatrol group(A)oa long tera( >4 weeks) 
observation • 


S* Objective Before therapy After therapy Average 
Ho* Parameter Bangs . Haags Change 

Meaa+jgB Meaa+£B 


1* Brine output 
al/24 hr® 

850-930 

900+40*8 

1500-1600 

1566.6+^7*1 

+666*6 

2* Weight 

Kgs 

46—64*8 

56*3*7*70 

44-63 

54.6+7*9 

-1*6 

3* Heart rate 
beata/nt 

100-124 

1 14* 6+ 1Q*4 

83-104 

96+6*50 

— 18*6 

4» Blood pressure 
systolic 

BUB Of Hg 

96-124 

103.6+11.5 

96-130 

108+16.0 

—©•6 

3* Blood pressure 
diastolic 

an of Hg 

70-70 

70*£ 

66-80 

72 + 3*8 

+2*0 

6* JfP 

3* 5-6*0 

6*6+ 1*0 

4*p 

-2*6 

7* Liver else 

CAB 

1-5 

2*6it»6 

0-1*5 

0.5±p*7 

-2.1 

3 * CT Hatlo 

0*5 3-0*61 
0*56+0.03 

0.50-0*57 

0.53+0*05 

—0*03 
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s a b i» s mi 

Effect of therapy cm various parameters la oases of ischemic 
heart disease is group b on. short texa(t-4 weeks) observation. 


s. 

HO. 

Objective Before therapy 

Parameter Bangs 

Mefiaa&SB 

After therapy 
Range 

Mean+SD 

Average 

1# 

Urine output 

650-1000 

1200-1600 

■MitS 


»l/26 lira 

8251125 

1661.6+123*8 

2# 

Weight 

38-58 


-1.3 


Kgs 

68+6.3 

66.6£?.0 

3. 

Heart rate 

96-126 

78-106 



beats/at 

107110.3 

S9.3*9 

-17.6 

%* 

Blood pressure 

106-150 

106-130 



systolic 
am of Hg 

120117.2 

111+9*5 

-9*0 

3. 

Blood pressure 

68-80 . 

60-76 



ffifr AstoUL C : 

mm of Hg 

79*10*6 

70,3+5*3 

—8.6 

6* 


6-8 

6-5.5 



m 

5»5ll*6 

6* 3*0.5 

-1*3 

7* 

liver else 

0-5 f|;i| 

2+2.0 

0—1.5 

0.6+P.6 

—1*6 

8* 

CT Rati© 

0.68-0.72 

0.58*0*0$ 

0.60-0.68 

0.55*0.09 

—0.03 


TABLE 


XXIII 
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Effect of therapy oa various parameters la cases of ischemic 
heart disease ia group A oa long term( >4 weeks) observation* 


s. 

HO* 

Objective Before therapy 

Parameter Range 

Meaa+SD 

After therapy 
Range 

Meaa+SB 

^ Average 

1* 

Urine output 

650-1000 

1350-1500 



ml/24 bra 

823+125 

1466.6+35 

+641.6 

2* 

Weight 

38—58 

35-57 



Kgs 

48+JS.3 

46.3+7.0 

-1.5 

3. 

Heart rate 

96-126 

80-102 



beata/mt 

107+10.3 

87.3+? 

—19*6 

4* 

Blood pressure 

106-150 

102-136 



systolic 
mm of Hg 

120+17*2 

112+11.0 

—8.0 

3. 

Blood pressure 

68-80 

66—80 



diastolic 
am of Hg 

79+10.4 

72+4.6 

-7.0 

6. 

JVP 

4—8 

4-4 



CMB 

3*311*8 

4+P 

-1.5 

?• 

Liver size 

0-5 

0—1 



CMfl 

2+2*0 

0. 16+0*3 

—1.8 

3* 

CT Ratio 

0.48-0.72 

0*58+0.09 

0.40-0*68 

0*55+0*01 

-0.03 



TABLE 


YYTW 
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Effect on various parameters in cases of hypertensive heart 
failure In group B on short ter»(t-4 weeks) observation. 


s. 

No. 

Objective Before therapy 

Parameter Range 

Mean+SD 

After therapy 
Range 

Mean+SD 

Average 

Change 

1. 

Brine output 

%50-ttoo 

t 100-1500 



ml/24 hrs 

633*31257*8 

1366.5+188.3 

+533*3 

2m 

Weight 

46*58 

43*3-55*5 



Kgs 

50*3+5*4 

47.«!+3.5 

-2.6 

3* 

Heart rate 

96*120 

88-100 



beats/at 

104+11*3 

94.61,4*9 

*9*4 

4* 

Blood pressure 

160*190 

140*160 



systolic 
an of Eg 

180+14*1 

148.6+8.3 

*31*4 

5. 

Hood pressure 

90*120 

86-96 



diastolic 
an of Eg 

106*6+12.4 

96*6+4*7 

•10 

6. 

JW 

4*8.3 

4*5.5 




6+1*8 

4*5+P*7 

-2,5 

7* 

Liver sise 

■ o*3 

0*1 




1.8+1.3 

0,66+0*4 

-1*1 

3* 

cr Ratio 

0.52-0.66 

0,60+0.03 

0.51*0* 62 
0.57+0*04 

—0*03 


TABLE 


XXV 


Effect of therapy on various parameters in cases of hypertensive 
heart failure ia group B oa long term(>4 weeks) observation* 


s. 

MO'# 

Objective Before therapy 

parameter Range 

Mean+SD 

After therapy 
Range 

M@an+SD 

Average 

Change 

u 

Urine output 

450-1100 

1400-1^00 



al/24 hrs 

833-31277.8 

1466.6+47*1 

+653.3 

2* 

Weight 

46-58 

■\ 4>55 . ■ ' 



Kgs 

50.3+5.4 

47+5.6 

-§*3 

3* 

Heart rate 

96-120 

80-96 



beats/at 

104*1 1.3 

86# 

-17.4 


Blood pressure 

160-190 

140-154 



systolic 
mm of Hg 

180+14.1 

146.6+5*7 

-33.4 

5* 

Blood pressure 

90—120 

86-96 



diastolic 

am of Hg 

106.6+12.4 

89.3+4.7 

-17.3 

6* 

JVP 

4-8.5 

4-4 



iym« 

6+1.8 

4+0 

-2.0 


Liver «l«# 

0—3 

o**o 



cm* 

1.8+ 1.3 

0+0 

—1.8 

8. 

CT Ratio 

0 . 52 - 0,66 

0.6040.05 

0.51—0.60 

0.57+0.04 

-0*03 


table 


XXVI 
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Effect of therapy on various parameters la cases of coage stive 
cardiomyopathy la group A oa short teria( 1-4 weeks) observation. 


s* 

Ho* 

Objective Before therapy 

Parameter Mean+SD 

After therapy 
Mean+SD 

Average 

Change 

1. 

Uriae output 
ml/ 24 hrs 

700+50 

1 175+175 

+475 

2. 

Weight 

Kgs 

36*8+8*8 

34+10 

-2.6 

2- 

Heart rate 
beats/mt 

112 + 1*0 

110+0 

-3 

4* 

Hood pressure 
systolic 
mm of Hg 

103 + 1 *0 

37+7.0 

-16 

5. 

Blood pressure 

diastolic 

tm of Hg 

81±5.0 

60+0 

-21 

6* 

JVP 

4*7+0*7 

4+0 

—0.7 


am 




7. 

liver else 

Q 

0 

iP 


cams 




8* 

CT Ratio 

O.59jp*0? 

0.57+0.07 

-0#02 


\ 


TABLE 
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XXVII 

Effect of therapy ©a various parameters Ut eases ®£ congestive 
cardioayopathy ia group A oa loag t«n»( >% weeks) observation* 


s* 

Ho* 

Objective 

Parameter 

Before therapy 
Meaa+SD 

After therapy 
Meas+SD 

Average 

f^le sets . 

1# 

Brine output 
mi /Pif hr® 

700*20 

1*75*75 

+375 

2* 

Weight 

Kgs 

36.8+M 

33.7+9*7 

. \ 1 ■ 

3* 

Heart rate 
beata/at 

113*1.0 

103+3 

*•10 

%. 

Blood pressure 
systolic 
am of Hg 

103*1.0 

91+3*0 

-12 

5. 

Blood pressure 
diastolic 

ms of Hg 

81+3.0 

63*2*0 

—19 

6. 

<jvp 

OSS 

4.7+0.7 


-o*7 

7* 

Liver else 

0 

0 

IP 

a. 

<5T istlo 

0*39+0.07 

0.57+p.oa 

-0*02 

/v/; 




f i M T V* 

JD & 


XXVIII 



Effect of therapy on various parameters in the case of congestive 

cardiomyopathy studied in group C during short term( 1 to % weeks 
observation. 




I 






s. 

NO# 

Objective 

parameter 

Before therapy 

After therapy 

Average 

Change 

1. 

Urine output 
ml /2k brs 

800 

1400 

460© 

2# 

Weight 

Kgs 

37 

35.8 

•*1 #2 

3. 

Heart rate 
beat Vat 

106 

96 

-to 

4* 

Blood pressure 

systolic 

®BI of Hg 

120 

120 

±p 

3* 

Blood pressure 
diastolic 

SIB of Hg 

90 

84 

—6 

6. 

JW 

4.3 

4*0 

-0.5 


cms 




7. 

liver size 

3.3 

1.0 

-2*3 


cms 


3 * 


CT Ratio 


0.7-2 


0,63 


- 0 . 0 % 



TABLE 
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"ff&ct of therapy oa various parameters in the case of 
coagostive carcioayopatfcy studied in group c oa loag term 
observation* 


S* Objective 

Ho. parameter 

Before therapy 

After taar&py 

If 

21 

1. urine outpput 
ml/24 hrs 

600 

1500 

♦700 

2. Weight 

Kgs 

m 

35.4 

*1«6 

3* Heart rate 

Beat s/at 

too 

too 

men ^ ' 

■^1# 

If* Blood pressure 
systolic 
mk of Hg 

120 

124 

♦4 

5. Blood pressure 

diastolic 

mm of Hg 

90 

70 


6.JVP 

OJ9U3 

4*5 

4' 


'/•Liver also 

cms 

3*5 

0 

■ " ■ i* 

•3*3 

8.CT BaUo 

0*72 

o«&a 

-0.04 


No , Parameter 


Mean+SD 


Urine output 
ml/ 24 hrs 

725+175 

.’/eight 

42.5+11.5 

Kgs 


Heart rate 
beats/mt 

118+2.0 

Blood pressure 
systolic 
mm of Hg 

119+5.0 

Blood pressure 

diastolic 

mm of Hg 

78+2.0 

JVP 

7. 5+0. 5 

cms 


Liver size 

4.5+1* 5 

cms 



8 # 


CT Ratio 


0.58+0.04 


Average 

Change 


Xl* V w* . W** 


Mean+SD 


erapy 


1150+250 


41.2+10.7 

100+0 


113+7.0 

74+2.0 

3. 5+1. 5 

2.7+0. 7 


+425 

-0.25 


-18 

-6 


-4 


••2 




0.57+0.05 


0.01 






TABLE 
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Effect of therapy oa various parameters la cases of cor pulnoaal# 
of group A oa loag term( _> 4 weeks) ob se rvatioa. 



.¥© 

Before therapy 

Af 

* jr+y* 

Meaa+SD 



1 * urlae output 
ml/ 24 hrs 

2. Weight 

Kgs 

3# Heart rate 

beate/mt 


725+175 


42.5+11.5 


118 + 2.0 


4* Blood pressure 119+5.0 
systolic 
urn of Hg 



1350+150 +625 

41.2+10.? -0.25 

92 + 3*0 -25 

110 + 10.0 -9 


5, Blood pressure 
diastolic 

mm of Hg 

6. JVP 

CBS 

?• liver *&z® 

CBS 


78 + 2.0 


7. 5+0.5 


4*5+l*5 


74+2.0 -4 


2 + 1.0 


0T Ratio 


Q*5$±P*04 


°*57+0*05 *0#01 





SIDE EFFECTS 
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Transitory asymptomatic hypotension was the most 
prominent or probably the only side effect seen with ea^topAl 
treatment, it was observed la 4 ©as*s(9.8£),2 of these e arns 
irare of Ischemic heart disease, sad f each of ml trad, stenosis 
i&d multi valvular heart disease, The hypotensive effect was 
seen with very low(6*25 ng) doses and persisted for 24-48 hours 
wheu the dose of the drag could be increased to produce clinical 
benefit, la none of the eases did it require discontinuation 
of the drug, la cases is whom dlgoxta warn used premature 
ventricular contractions were seen to be precipitated la two, 
a ventricular bigemini was seen to occur in two, while three 
patients showed symptoms in the form of abdominal pda, vomiting 
anri diarrhoea* 

MOETALXTf . 


A total of 3 patients expired*out of these 2 wears 
eases of Aortic valve disease(k©pt in group A) and f was a 
cases of mitral valve dteease( predominant MS, group C)*The 
latter ease expired post-operativeOy after undergoing mitral 
valve replacement. 


**• 
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Humorous studies exist ozi the use of vasodilators 
In GHF 1 a the western literature.All available arteriolar & 
venular dilators hare teen tried* Sodium nitroprussi de 
(Chatterjee et al, 1973) ,Jbsxoeitt(AwaR et al, 1976) t Iso eerbiue 
d±nitrat#( Ulliams B0» 1977) *Bydrdadne( Chatter Jee et aL» 

1976* 1979) # combinations of leosorhLde dlnitrate(ISHI) and 
Hy dralaz±ne( Parmley & Cbatterjee, 1978) ,Trimaaositt( Amow & 

Baahey, 1978) ,l«ifedijdjae(Le±r et al, 19$%) ,Felodipine(feami©^ 
et al,1984)have all teen used in CHF* Among these the moat 
successfully used was the combination of ISDN and Hydralazine. 
This provided both arteriolar and venular dilating properties 
leading to a reduction in both the afterload(by arteriolar 
dilation produced by hydralazine) and the preload( due to 
venular dilatation by ISDN). This combination was used with 
good results at our institution by Hlshra et al in 1985-1986* 

The reports on the use of vasodilators in the Indian literature 
are relatively fe**They have been tried in GHF by Ghosh et al* 

I 978 i Khalilullah et al, 1984; Bahl et al,t984 and Kaushik et hi, 
198if & 1986 in their studles.ln majority of these studies, the 
effect of vasodilators was evaluated by the use of hemodynamic 
parameters only.Only few of them(joseph et al, 1978|Fraaacios€a. 
et al, 1982|Kothiala et al , 198b; Cdnradson et al,l98%)*vtLate to 
clinical evaluation mainly.Hth research the existence of 
tolerance to vasodilators came to be known( Packer et al, I978| 
Arnold et al, !9?8) .Gradually the role of BAS in cases of GIF was 
darlfled.lt was discovered that this system was activated is 
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CHF leading to adverse heaodyaaaic and clinical effect** 
stadias of Levine st *a»i97£sMlafc et al,1976}D*vi» <10,1960} 
Packer st al, 1985 foots attention os this fact«Xt was suggested 
tb*t vasodilators could also activate the/SAS which might be 
one of the cause® of tolerance to these drags{S*Ikr»e st al* 
I960)*fe tfcaufaprt* erred to use captopril*coahlnlsf both 
arteriolar and venular dilating properties and Moating Its 
effect® through direct inhibition of the RAS# 

The heasodymssilc effect® of captoprll in CHF have 
been studied by Turin! et al,1979jBavia et al, 19?9*The long tern 
studies on the effect® of captoprll were conducted by Ader 
st elf I960 {Pound et al, 1962; Packer et al, !98%;Claland et al,193%; 
file,, Captoprll Hul tic eater Research Croup* 1983 & 1983lBayll« 
et el f 1985# Clinical effect® of therapy with captoprll were 
assessed by Bawls et al* 1979 in short tern* and by Adar et el* 

1980} Cowley et al t 19621 Captoprll Multi canter Research Croup 
(CMSa)1983 b 19S5|Cleland et al, 196%; Packer et al* 196%; and 

.7',, ; .7 , .7 ; 7 v 7- .7.7...- . '■ 7 ; :- 77; ; y 77 : ; .■7.7 ; ;7 77.' ' ■7' , . ; .. v :7 : 7 7 ■■ ; '7.7'v.: 7 ;7,-' '! \7 ; , ."7" '...'7 ' ; ;.7! ■- 

the captoprll Mgozin Multlcenter Research Group(CBMR8) 9 1988* 
in the long term# •• 

The effect of using captoprll In cases of CKF 

refractory to treatment with digoa&a and diuretic® ha® bean 

ft 

worked upon by Pound et al, 1962} Cowley et al,t962;CMRG 1963 I 
1963 end B.Nagnaat f I966#ln India studies have bean conducted by 
Ktahitt et al, 1966 and Kaushlk et al, 1966 on those lines*The 
cooperative effects of therapy with captoprll and digoxin la 
slid to aoderate OHF have been evaluated In the works of 
C.AHeaadrl, 1966 and the CDKRG, 1966# Studies coaparlug th# effects 
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of digoxln and captopril in CHF are lacking in our country* 

\ Our results have been compared and discussed 

\ . 

in the light of available reports on the role of captopril 
in CHF as noted above* The facilities for hemodynamic 
assessment are lacking at our institution*! t has also been 
realised that it is clinical improvement that matters most 
to the patient, for,hemo dynamic improvement in absence of 
clinical benefit is of no valu«»lalsh & Greenberg, 1981 5 
Packer at al, 19d3;Kothiala et al,19S3 and Hassle et al, 1984 
have also corroborated that hemodynamic and echocardlographic 

studies are not essential in clinical practice, and in many 

1 , * ■ 

instances, they lack correlation with the long term clinical 
re mpamm • Mild hemodynamic improvement may not manifest 
clinically, as well* 

'f ■ ; ' 

We observed the therapeantlc response to therapy 
by monitoring objective parameters in the form of increase in 
urine output, changes in heart rate,blood pressure, liver sine, 

J VP, heart wise and weight; and by improvement produced in 
Effort tolerance* 

The greatest urine output in our trial was 
achieved in the patients recleving captopril and diuretics, 
i*e*, group B.The average increment in the daily urinary 
output also showed significant increase in cases resistant 
to digoxln and diuretics when they were added captopril ( group c)« 
The average increment in the urine output was about 160 ml/24 
bra greater in short term and about 11G ml /2k hrs greater in t be 
-long ter® in group B as compared to the control group*!® 
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group C,the average pre-inclusion urine output was more as 
coopered to the oilier groups*The reason for this was that 
most(82$)of these patients were already reeieviag optiaal 
doses of digoxin and dluretice.Tii© increase in urine output 
with addition of captopril is thus a significant observation* 

The narked increases in urine output produced to 
captopril can be explained to the fact that captopril censes 
blockade of the effects of angiotensin II (thirst sttoulatlQn, 
vasopressin secretion and intraresal hemodynamic changes)* 
Captopril can bring about favourable change® in the fluid & 
electrolyte status to modification of pattophyciologieal 
processes® in the kidney (lApkins & Pool 11 son, 1985)* Captopril 
e nh ances sodium excretion by reducing levels of plasma and 
urinary aldoeterone( Granger ©t el, 1981). It has also bean 
shown to reverse the vaso eoastrl c&Lon in GKF and cause 
redistribution of regional blood flow*The natrlureais so caussd 
may be mediated by on* nr mere of the following {improved 
plasma renal Hood flow, reduction in filtration fraction, 
suppression of hyperHdosteronism, and lowering of circulating 
catecholamine concentrations^ Creager et al, 1981)* 

The average decrease In the heart v rate after 
therapy was greater In the groups reeieviag captopril, either 
alone or in combination with digexUuThe average reduction 
in heart rate was about ? beats per minute more In group B 
and 5 beats per minute greater in group G as compared to the 
controls*g 0 thlala et al,1983 have emphasised that this beneficial 
effect meg be attributable to increased strike voluse*Xt is 
also indicated that myocardial orygen deuand was not increased* 
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Decrease in heart rate with the addition of captopril ham 
also been noted by Ader et al* 198G; Found et al # 198£ and 
Kaushlk et al,1986* 

There was only ©light decrease in the systolic 
and diastolic blood pressures la patients recievlag captopril# 
Absence of significant reduction in arterial blood pressure 
can be explained by the rise in cardiac output with relief in 
CHF compensating for the fall in systemic vascular resistance* 
As expected in this background, there was slight increase la 
mean arterial pressure in the control group* 

Comparable reductions in liver slae and the JVP 
were seen in the groups A & E*The average liver size and the 
average JVP were greater at the time of inclusion in group C 
as most of the cases were of advanced (BF*Rowever»«Lth addition 
of eaptopril , significant improvement occurred* This is somewhat 
explained by the fact that 11 of these cases were having 
predominant MR in which good response to vasodilators cam be 
expected# 

The improvement in 1THA Class was most striking 
in cases recieving captopril.Therapeantic response in tars* 
of improvement in IfHA Class was also encouraging in cases 

resistant to conventional decoagestive therapy (group <J> *The 
improvement on effort tolerance has been observed in the 

studies of Ader et al»198Q|Coil«gr ®t al,1962*CMR0 19&3 & 
1985jCleland et aL,19dt(AUcssdrl et «&» 1986;B,H*gnani & 
C*Magelli, 1986|Ktshra et ©1,1986 and the CH1RG, 198&« 

Majority of the patients in chronic CH? having 
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aoderate to Mfwt cerdionegaly say not show a decrease la 
CT Ratio after therapy aa hip been pointed oat lay franclosca 
•t al la 19dO#Ia oar study Wo average reduction in heart 
also was statistically significant ia group C only *f he 
inclusion of t 1 eases of mitral regnrgltatlon(KIR) could 
account for this observation la this group* Siallarly, 
patients iaaving fibrotic/ fatty change ia the liver or those 
having tricuspid regurgl tation< TR ) may demonstrate inslgaificsnt 
reduction in liver aixe* Eduction ia the JVP nay not bo 
remarkable ia many patients with fh. Changes in heart rate 
are often very ainor in cor->pulsonals • There will be a reduction 
in body weight and increase in urine output with the use of 
diuretics alone ia many cases* Viewing all these faeta»oat of 
all Cijuiical parameters HTHA Class should be taken to bo of 
pur mount importance* Changes ia body weight, urine output* 

JVP* liver end heart slae will alttaately follow the change 
in HIM Class* 

Overall, in our study, positive therapeeatie benefit 
was observed ia all the three groups 1$ the short tera aa 
weia/&s the long tersufhe improvement attained la the various 
objective parameters and the effort tolerance in cases of tko 
control group, and the group B that redeved captopril and 
diuretics were comparable though the latter group showed 
somewhat better lmproveaent.The majority of these eases were 
of aild to moderate heart failure*However,4 ca ©as(3 with 
predominant m and one with MS) were having severe CHF*?hsao 
also showed good response to therapy ♦This is & noteworthy 
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feature of oar study as captoprll, when added to h&s m Hue 
diuretic therapy only has been tried in mild to moderate CHF 
so far.lt is possible that the cases of group B might have 
responded to conventional decongestive therapy as well. But 
the equivalent or probably slightly better response obtained 
with the use of capiopril gives stress to the fact that it 
could be used a© an alternative to digoxin in many eases of 
CHF who were in sinus rhythm with predictably excellent 
outcome. This finding is in conformation with the studies 
conducted by All candid, et al,1986 and the CIMR0, t988#These 
patients as such can be saved from the risk of exposure to 
the well known side effects of digoxin treatment. 

' The response in the groups A&B in cases of 

ischemic heart disease also suggests that captoprll can 
produce marked improvement when added to baseline diuretic 
therapy.lt has the distinct advantage over digoxin which has 
a tendency to cause or worsen ventricular arrhythmias while 
captoprll has been shown to decrease ventricular ectopy 
(Cl eland et al, 198% j packer et al , t98%; CMRG, 1 988) .The use of 
digoxin does not alter the afterload whose reduction can be 
of obvious benefit in cases of ischemic heart disease and 
lon Teatricular hRa the 
of « aa ^ «*"~**- “* 

Among the patients in whom captoprll was used* 
better response was noted in cases with predominant HR*!®* 
IHD who recieved captoprll as compared, to the c 0 ntrols.TM.rn 
can be explained by Improvement forward flow oa reduction of 
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af terload* Vasodilator s have been shown to be more beneficial 
in patients with primary cardiomyopathy, HI?, IHD and post- 
operative low cardiac output states. On the other hand, 
vasodilators have been shown to be of rather doubtful value 
in patients having mechanical obstruction like MS & AS (Cohn 
& Francioaca, 1977) , In our study the number of cases in 
different etiological groups is too small to comment upon 
the therapeautie effect of vasodilator in relation to them. 

Response to treatment with vasodilators may be 
difficult to evaluate in hypertensive heart failure may be 
difficult -te evaluate as these cases are likely to respond 
even otherwise to reduction in blood pressure if brought 

under control by other antihypertensive drugs.Eo wever, captopril 

an-tl 

has the distinct advantage of having a potent ^hypertensive effect* 
3 cases of hypertensive heart failure studied in group B 
showed good improvement in objective parameters as well as 

the effort tolerance.Only I of these cases required addition 
of the antlhypertensLve metlyldopa to control the blood 
pressure. The average dose of captopril was somewhat higher 
(66 mg/d)in this group( hypertensive cases). 

There was no attenuation of ti^ effects of the 
drug in cases who had initially shown response to captopril 
la short term when they were followed up in the long teat** 
Tolerance to other vasodilators is known (Packer et al, 1976} 

Arnold et al, 1978) .Activation of the HAS may be one of the 
possible mechanisms leading to tolerance (H.Ikram et al,1980). 

The captopril studies so far conducted also do not mention of 
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tolerance to this drug. This may be attributed to the fact 
that captopril is a directiinhibi tor of the HAS and thus 

acts in & more physiological manner* 

The more recent studies hare employed lowest 
doses of captopril ( 25- t5G mg/d) .The average dose of captopril 
used in our study was 31.25 mg per day (range 6.25-75 mg/d). 

Our patients were presumably of lower body weight and might 
not have tolerated higher doses. Short term hemodynamic 
improvement ( Turlni et al, 1979; d eland et al, 19S4»B«yliss ©t 
al, 1985) and long term hemodynamic benefit(Ader et al,1980; 
Baylise et al, 1985) with low doses of captopril are wail 
documented. Long term clinical improvement has been reported 
by Magaanl ©t al, 1986;Bocanelli et al,1986 and Alicandrl ©t 
al, 1986 with low doses of captopril. Levin© et al, i960 and 
Sharpe et al, I960 have observed that maximal effects of 
captopril were evident with doses of 25 mg and a further 
increase in the dosage did not result in any further benefit. 
The commonest side effect observed with captopril 
was transitory asymptomatic hypotensioa.lt was seen in k 
cases.The hypotensive effect persisted for 24-46 hours*It 
was seen with even very small doses(6.25 mg/d) but waned off 
later when the drug could be gradually built up. The patient© 
subsequently responded favourably to treatraent.Hypo tension 
after initial doses of captopril has been observed by Cleland 
et al, 1964 and Packer et al, 1966. Packer et al,1986 have also 
reported that asymptomatic hypotension doe© not require 
antidotal therapy and should not provoke discontiniation of 


the drug*The majority of such patients improve clinically in 
the long term. Skin rashes, the raost common described side effect 
of captoprll was not seen in any of our cases*The comparatively 
fewer side effects seen with captopril treatment in our study 
could be due to the fact that we used quite small doses of 
captopril as compared to most other workers* 
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SUMMARY A 5 35 COKCLUSIOIS 

The present study was carried out to assess the rol* 
of captopril in CHF,both as an alternative to digoxin in cases 
of CEF in sinus rhythm, and also as an adjuvant in cases 
resistant to conventional deconge stive therapy (digoxin and 
diuretics) *The period of study extended from August, 1988 to 
July, 1989* A total of 64 patients were studied.These were 
assigned to three groups-A»B & C, Group A reel eve d conventional 
decongestive therapy, group B had all patients in sinus rhythm 
and the cases recleved captoprll and diuretics for treatment 
of CHF.DigoxLn was vdtheld in these cases* Group C redeved 

iM , 

captopril and dlgoxln both in addition to diuretlcs.Host(82$) 
of these cases were refractory to therapy with digoxin and 
diuretics, All the eases were in HTHA Class III or IV.The 
average dose of captopril used was 31*25 mg/day( range 6*25 mg 
to 75 mg/day)* 

The therape&utic response was evaluated toy recording 

various parameter s, viz , Increase in urine output , reduction in 
body weight, alteration in heart rate and blood pressure, 
decrease in JVP, liver size and heart slze(on X-Ray Chest) f 
and symptomatic improvement in effort tolerance, according to 
the NIHA grading* The response was seen tooth in the short term 
(within 4 weeks) and the long term(more than 4 weeks) *Th# 
average duration of follow up was 10 weeks* 

Statistically significant improvements in arias 



fairly* Tins patients of Iscaoaic heart disease improved bbtisr 
la group B kb compared to ib® controls* Semarkable lapror«WBkt 
could bo achieved la eases of prodoaiaaat -''Hi la the group® 
added captopril .Thl© l®d to ta® M. golf leant improvement mm 
la refractory case® of CHF,50$ of which, were having predoalnaat 


In th© group© redeving captopril , transitory 
asymptomatic hypo tension was observed in 4 cases kb the only 
sid« effect* A very low inddeaee of sLa« effects could t# dm 
to low doses of captopril employed In this study# 

4 cases of group B were basing sever® CHF sad 
responded to therapy with captopril and uiureti©s*?hla was 
noteworthy as captopril has m far beau triad In slid to 
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sederate CHF* 

Tb« therapeautle responses achieved In our study 
highlight that captoprll Is as, or perhaps more effective,®® 
compared to digoxia la cases of CHF in sinus rhythm* To further 
evaluate Its effectiveness la controlling oven advanced CHF 
in sinus rhythm,aore studies should he conducted along these 
lines* Significant improvement can he expected when captopxll 
Is adued In cases resistant to conventional decoagestlve 
therapy* Low doses of captopril are effective in CHF and the 
side effects observed with these doses are relatively very 
few and insignificant with respect to clinical benefit it 
can offer* 

Our observations have been eoapared and discuss®* 
in light of available literature on the subject* 
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